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STUDIES ASAPHES FLETCHERI (CRAWFORD), HYPERPARASITE 
APHIDIUS TESTACEIPES (CRESSON) AND PRAON AGUTI (SMITH), 
PRIMARY PARASITES APHIDS' 


SEKHAR 


ABSTRACT 


This pteromahd hymenopteron was cultured on both 
the braconid specie Mating was preceded 
courtship. This began, the average, minute 
after continued for about four minutes, and 
was followed copulation which required about 
seconds Each male was capable of mat ry with more 
female, but mated females were 


name dabove 


than one 
unattractive male Fertilized females produced 
mostly female progeny, unmated ones only males, and the 


progeny the unmated ones were fewer than those 
mated female Though generally ready for ovipositior 
soon dried after emergence, female 
mated there was interval about 451 

was begun; however, suitable hosts were 
them, emerged females did not court 
mate but proceeded with oviposition. Deposition 
egg consumed about six minutes The total period 
oviposition per female ranged from whet 
they were allowed to attack 2 hours per dav; the maxi 


ninutes betorge 


INTRODUCTION 


the summer 1954 the author observed 
one the greenhouses the 
Massachusetts. Laboratory studies showed that 
this was due chiefly attacks Asaphes fletcheri 
(Crawford) (Hymenoptera, Pteromalidae) upon 
this parasite investigations, 
both indoors and outdoors, revealed 
also attacks Praon agult (Smith), another 
braconid parasite aphids. This latter species 
has not previously been listed among its hosts. 

Though the problems created the presence 
studies they opened mew fields 
increase our knowledge the relationships 
was discover the nature the 
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ships with Praon third was deter- 
mine 
degree preferentiai discrimination between these 
two hosts, and, further, between different develop- 
mental stages either them. Observations 
the habits and the influence 


history 


hyperparasite 


ecological factors its life 

have also been recorded. hoped that the 

information presented here may aid analyzing 

the nature its host relationships, 

the light statement which has been made 

that hyperparasites are less than 


primary parasites the selection 


REVIEW OF LITERATUR? 

Asaphes fletcheri are scanty. 
transferred the genus Asaphes Reck (1951). 
Recently Burks (1954, has 
stated Asaphes americana Girault, 1914, 
partly under americana and partly under 
its range North America extends from 
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and Wisconsin through Ontario and Quebec 
New York and Connecticut, and south 
Kentucky and North Carolina. Massachusetts 
now added the list localities. 

There are many aphids, well 
and other primary parasites, the list hosts 
recorded for Asaphes fletcheri. The listing aphids 
primary hosts suggests that may 

ndeed act parasite, but seems prob- 
that such listings have resulted from failure 
recognize exact sequences attack. 

Recorded knowledge the biology Asaphes 
fletcheri very limited. Spencer (1926) and 
Griswold (1929) have presented information 
the habits and biology the species, and Griswold 
also described and figured the immature stages. 

Economic Importance.—The literature contains 

statistical data show the extent hyper- 
parasitization Asaphes fletcheri the primary 
parasites phidius and Praon 
Nevertheless, reports the occurrence this 
hyperparasite various regions warrant careful 
investigation. Griswold (1929) suggested that 
fletcheri may act either secondary 
tertiary parasite, depending upon circumstances. 
the latter event, and preference shown 
for other secondary parasites (such Chartpes 
sp., which secondary parasite phidius 
sp.), then Asaphes could considered 


beneficiad. 


MATERIAL AND METHODS 
and Primary Parasites.—Specimens 
various aphid hosts and their primary parasites, 
and Praon aguti, were pro- 
cured from several localities the campus 
the University Massachusetts. Steady popu- 
lations the two primary parasites were main- 
tained the laboratory cultures their 
respective hosts, reared food plants suitable 
for each. Thus was cultured 
cotton aphis Glover) colonized 
squash (Cucurbita sp.), while was 
cultured rose aphis (Macrosiphum rosae L.) 
techniques described Smith 
found satisfactory. 

were obtained from the campus localities two 
methods: (1) sweeping with hand net for the 
adults, and (2) collecting hyperparasites the 
laboratory material obtained outdoors. 

The primary parasites were identified Dr. 
Muesebeck, and the hyperparasites 
Dr. Burks, the National Museum. 

Rearing.—Mass rearing the hyperparasites 
was conducted cages the laboratory and 
greenhouse attached the Department Ento- 
mology. Only limited number fletcheri 
were successfully reared from Praon After 


America 


hyperparasitization was accomplished, 
mary aphid host was transferred from the plant 
into small bottle, and was kept uniform 
temperature and humidity. 

The moisture the sealed rearing 
controlled with saturated salt solutions. 
saturation deficiencies, mm., and 
mm., were maintained three 
temperatures, 23°, 27°, and 30° C., respectively. 
Table lists the salts used obtain these satura- 
temperatures. 


SATURATION EMPLOYED 


TEMPERATURE, SATURATION 
DEFICIENCY, 
(MM. MERCURY 


chloride 
Ammonium nitrate 
Sodium 
tartrate 
Potassium tartrate 
i) Cobalt chloride 
ao 3 Copper chloride 
Sodium nitrate 
Sodium nitrite 


Constant temperature chambers were 
the experiments 27° and 30° The 23° 
temperature was maintained with circulating 
water bath, which provided jar temperatures 

The hyperparasites were fed dilute solutions 
sugar water. The method administering 
the food was that described Holloway (1913), 
which was found satisfactory. 

For studies oviposition, the required tem- 
peratures were sustained using electric lamps 
different capacities, fitted into rectangular 
chamber. The chamber was made 
wooden frame with cardboard screens covering 
its sides and opaque glass plate covering its 
jar cage, enclosing dead aphids containing 
the primary parasites, was placed over the opaque 
plate and hyperparasites were then admitted 
this cage. Adequate care was exercised keep 
the temperature cage constant 
C.). Humidity levels were adjusted 
varying the water surface area through the use 
vials different sizes the cages. This 
arrangement was also for studies 
host relationships. 


HABITS THE, fletchert 


Mating.—Courtship and mating habits were 
studied observation newly emerged pairs. 
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these, pairs failed court mate through- 
their lives, and six pairs courted intermit- 
ently but did not the pairs observed 
mate, courship began the average minutes 
emergence, and lasted four minutes prior 
eopulation. observations the 
statement Griswold (1929) 
precedes mating. However, since she 
observe mating, her interpretation what con- 
stitutes courtship may have been error. 

During the act courtship the male exhibited 
movements his antennae and wings. stood 
face face the female and began tapping 
her antennae with his. times 
around position behind her and touched 
her abdomen with his antennae. Meanwhile the 
female remained passive except for slight move- 
ments the antennae. Then, after brief pause 
the activity both sexes, the male 
the back the female, the sides her 
body with his hind pair legs, the middle pair 
resting her wings, and the fore pair clasping 
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The female 
before raising her 


her head from the sides 
fluttered her 
abdomen meet that the male copulation 
the mating pairs observed the average dura- 
tion copulation was about seconds. Often 
two three males were seen courting single 
female simultaneously. Usually the male 
mount the female succeeded mating with 
her. one instance, however, 
elimbed female soon after another male had 
established himself was able 
predecessor and perform copulation 

Males are capable mating with more than 
ene female. How many times female may 
mate nature during her lifetime unknown; 
laboratory successfully mated female 
females gave forth majority female progeny, 
was noted also that unmated 
duced fewer than females 
‘able 


were ready for oviposition soon 
dry after emergence. Mating was not 
females, average, some minutes 
4 


newly emerged 


beginning 
pair was enclosed with parasitized aphids which 
had turned brown, the female Asaphes did not 
respond courting but proceeded 
position. However, the female responded imme- 
diately the courting 
the pair was kept together with access 
aphids 


DrOWT 


approaches the 


hosts, access either living 
aphids that had not vet turned 

though they developing larvae 
the primary 


The 


parasite. 
process oviposition was always preceded 


careful examination each aphid which 


might enclose primary parasite larva. This 
this time the female Asaphes 


Asaphes 
2 Zh 
t Ite 13 
skin which enelosed late larva pupa 
the primary parasite Only 
aphid skin which had turned brown after 
primary parasitization was selected for attack 


After moving around 
its dead body with 


mounted and took stance wit 
pointing downward, preliminary the final act 

viposition. This act took longer and was 
quite different its behavioristic pattern than 
that the primary parasites. 
aphid skin with her When the skin 
was penetrated the ovipositor was pushed 


in, apparently locate the parasite 


before the egg was laid. The drilling and 
laving processes required average 
minutes. Multiple attacks single 


not observed, nor attacks 
than one female the same host. 

preference for attacking 


one host were 


showed 
feslacet pes 


pes 


pupal stage 
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TABLE 


RATE OVIPOSITION Asaphes fletchert ENCLOSING 


NUMBER OVIPOSITIONS SUCCESSIVE 


3 Ss 6 in) 3 0 0 
} 15 10 6 ] 0 0 
6 15 12 0 0 0 0 


‘Hyperparasite. 


hyperparasite given access primary parasites twe hours per das 


were late larvae. the case 
there was even stronger discrimination between 
the stages, but the reverse direction, 
those attacked being late larvae and only 


early pupae (Table this selective 


behavior the hyperparasite are presented under 


Relationships” later this paper. 

When females were allowed oviposit only for 
two hours per day, their total periods ovi- 
position ranged from minimum two days 
maximum days. The greatest number 
ovipositional drilhngs took place the first 
day. For the next three four 
number declined rapidly, but they continued 
low level till the thirteenth day (Table 4). 

Perhaps the longer period oviposition 
Asaphes fletcheri, compared with that the 
primary parasites, results from the longer time 
required effect each ovipositon—an act accom- 
plished the primary parasites fraction 
second. this true the field, well 
the laboratory, many primary parasites are 
bound escape the assults fletcheri. 


ECOLOGICAL RELATIONSHIPS Asaphes fletcheri 


Abundance.—Collections were made 
selected localities the campus determine 
the abundance and also the two 
primary parasites. Station was shrubby and 
open, Station was shrubby and shady, and 
Station was grassy and open, with widely 
scattered apple trees. Collections were made 
three days week from May October, 1954, 
with one hour spent each station, and with 
collecting times alternated among them. Each 
area was swept with net, and the parasite 
species the material collected were identified 
and counted the laboratory. The results are 
given Table 

The total number Praon collected was 
remarkably uniform all three stations, but 
was equally plentiful only 
Station Only three-fourths many 
lestaceipes were taken Station and Station 


this species was hardly more than 
abundant Station and was about less 
numerous Station Its presence the fast 
named locality seemed not affeet the popula- 
tion either primary parasite, perhaps because 
environmental conditions here limited its attacks 
them. Observations made Station 
port this view. this station fletehert was 
found about 16°, less numerous than 
Station where favorable environmental 
tions enabled Asaphes fletcheri 
destructive role. 


TABLE 


A. fletchert: 


May 
September 
October 8 
Total 
A testacet pes, 
total ISS 


The reduction the population pes 
indicated that the field preferred 
that species Praon Further, the sea- 
sonal curve abundance was found 
follow more closely that than 
that aguti, which too indicated preference 
for the former also apparent that 
the hyperparasite was more sensitive than the 
primary parasites environmental factors, since 
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showed significantly greater destructiveness 
locality only. 

Field studies showed that the final reduction 
numbers Asaphes fletcheri was due the 
suitable hosts for 
the end the season could not found 
three localities. still occurred, how- 
ever, other neighboring localities this time. 

Longevity.— Under laboratory conditions, when 
adequate food and 


TEMPERATURE 


each temperature ten mated females were 


individually given access fresh groups dead, 
sessile aphids containing the stages 


attempted much fewer ovipositions than either 


the primary parasites. This may due 
the longer time taken effect 
oviposition, was stated above. There was 
much less variation, however, the number 


peratures than was 


attempts the different 


SATURATION 
mercury 


temperature and moisture the length the life Asaphes Zones 


approximately equal lengths life days 


days. The life span adult males was few 
days shorter. Without food hosts, females 
lived average 6.2 days, males only half 
long. 

tional were conducted 
four temperatures (26°, 28°, 30°, and 


Upper figures refer females, lower figures males 


found the The maximum 
number attempts oviposition occurred 
28° (Table 6). 32° the number 
about one-third large, vet was almost equal 
that either primary parasite the 
temperature. This may due part the 
fact that the hyperparasite not handicapped 
movements the primary host are 
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12-2 

Zone 

23-2 24:8 

Zone 


attempts observed this experiment resulted 
the production female offspring. 

Temperature and Moisture Length 
Life length the life cycle 
Asaphes fletcheri, from deposition the egg 
temperatures 27°, and 30° C., with 
three saturation deficiencies mm., and 
mm.) used each temperature. Twelve 
the hyperparasites were reared such 
temperature-moisture combination. 

The effect temperature (Figure apparent 
from the fact that the length the life 
decreases higher temperatures. The effect 
humidity was much less marked. However, ‘the 
most rapid development all temperatures was 
obtained the intermediate mm.) saturation 
deficiency. was noted also that, under all the 
experimental conditions tested, the life cycle 
required shorter time males than females 
due the fact that the pupal stage lasted 
longer females than The durations 
the egg and larval stages were about the same 
both sexes. 

TABLE 
NUMBER OVIPOSITIONAL ATTACKS TEN 


FEMALES OF A sa phes fletcheri 
DIFFERENT TEMPERATURES 


e 
28 
32 30 


Throughout the experiment the combined dura- 
tion the egg and larval stages was found greater 
than that the pupal stage, whereas the reverse 
was true the case the primary parasites. 
Thus, 27° and saturation deficiency 
mm. (approximately relative humidity), 
the egg and larval stages took 11.2 days the 
and 11.9 days the females, which was 
more than double the time required the pri- 
mary parasites. 

sites, the hyperparasites have certain general 
requirements which must fulfilled 
various host species. Just there are many 
factors checking undue increase 
parasites, also are there factors preventing 
excessive increase the numbers hyperpara- 
sites. Muesebeck and Dohanian (1927) have 
given account these factors, which were 
found generally applicable Asaphes 
Careful observations did not reveal any tendency 
among the several adult toward 
feeding the hosts. 


less discriminating than 
regards selection hosts, according Muese- 
beck and Dohanian While this concept 
may largely true, there are exceptions the 
marked degree discrimination selecting 
host (1926) and Griswold (1929) 
had established that this species 
only dead, sessile aphids. This was contirmed 
the present writer. 

Two other phenomena came 
demonstrate the existence high degree 
discrimination The first one, alse 
noted Spencer (1926), was that the hyper 
parasite only attacked late larval early pupal 
studies not only supported this, but also revealed 
the second fact, namely, that 
preferred the early pupal stage 
and the late larval stages Praon aguti. 
are based the following 

Five Asaphes fletcheri were studied 
with population each the primary para 
sites. the first experiment 


TABLE 


TOGETHER For Two Hours, (2) 
SEPARATELY ONE 


LAtt 

LARVA PUPA LARVA 
(1 4 72:3 5.3 2 


primary parasites each species were the Tate 

larval stage, half pupal stage, 
stages were exposed simultaneously hyperpara 

sitization. Each hyperparasite was 
attack two hours each day for five 
second experiment again both primary parasites 
were used, but their larval and pupal stages were 
exposed separately attacks Asaphes 
one hour each day for five days. 

When the two stages testacet pes 
early pupae were attacked, with 
those containing Tarvae. With 
the preference was reversed, the 
aphids with late and enly these 
with pupae being attacked. When the 
stages were exposed separately, 
the early pupae, the Tate 
larvae were attacked. Thus 
showed definite preference tor the early pupal 
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stage When these two 
stages Praon aguli were exposed separately none 
the pupae were attacked, and the number 
attacks late larval stages was higher 
than occurred the same stage when the two 
stages were exposed together. with Praon 
was the late larval stage rather than the 
pupa which was preferred. 

The second phenomenon indicating 
degree discriminative ability was that Asaphes 
attacked much higher percentage the 
available pes than the available 
Praon (Table These experiments con- 
the field observations regards 
ferential selection the former over the latter 
primary parasite 
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INTRODUCTION 


Various species the genus are 
tick, Rhipicephalus sanguineus (Latreille), closely 
this assertion. have been 
associated with greater number and variety 
organisms than any other group 
Nonetheless their taxonomy has 
been and the biology most species 
remains poorly 
this genus, based largely 
research farmyards and heavily grazed areas, 
derive from observations several Soviet 
few French workers, the latter chiefly 
detritum mauritanicum) Algeria 
Valuable these observations are the absence 


gical eoncepts 


TAG cepted for pul blication Feb. 12, 1957 Researcl 
Report The opinions assertions 
herein are the private ones the authors 
ind are not to be construed as official or reflect 
iews the Navy Department the naval service 
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of more extensive studi¢ they 
obvious CONCE 


eoncentrat 10ns of domestic 


numbers domestic animals the 
role smaller wild vertebrates the mainte- 
tiance hvalommas must not overlooked 
Evidence suggests that the life eveles of sever 
species this genus vary result the 
TESCTICE OT abset1 oft st iller 1 1 tis th 
serve hosts the immature 
(Hoogstraal 1956a, pp. 

The object of the present se ries ¢ 1S 
that will indicate the relationships 
ticks not onlv domestic animals 


entire fauna this area, 


taxonomic criteria this 


MATERIALS AND METHODS 


Hosts were collected incidental 
vertebrate and ectoparasite 
(Hoogstraal 1955, 1956b). much travelling 
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+} } ] 
from larg, 
By 
— large 
aa 
a 


undertaken concurrently, only few the small 
could held alive the laboratory for further 
observation. Whenever time and facilities per- 
mitted, tick-infested hosts were placed with food 
and water glass battery jar covered 
tightly fitting wire-screen quarter inch mesh. 
Some hosts, such lizards, were 
mealworms hand. The jar, inverted 
hole slightly less than its own diameter, was 
enclosed the wire-screened end twelve-inch 
long muslin bag held tightly against the glass 
sides means elastic seam. The bag was 
replaced each day and engorged ticks that had 
fallen from the host and through the wire mesh 
were sorted from the fecal pellets 
particles that had also fallen into the 
procedure was repeated until all ticks had left 
the host. Engorged ticks were stored 
vidual plastic tubes, one end which was closed 
plaster and the other muslin, 
placed moist sand (after Kohls and 
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TABLE 


Hosts (By 


(Vol. ol 


NYMPHS FROM 


During 1955 and 1956, 
boskianus asper were 
infested larval and nymphal ticks 
Giza Province near localities were 
Giza Pyramids, Giza, Abu 
Mansuriva. 

the above hosts were 
were from May through October. 

Fifteen the above hosts vielded 
nymphs that died before molting and eannot vet 
larvae that molted but have net 
identified. 

below nymphs that molted adults 
indicated Table Twe the hosts were 
sp. ne. near additional 
hosts, not included the 
that molted dwart adults 


near 
excavatum 35 25 2 


lromedartl 


Total 


Cast skins were given the same catalog number 
the individual adult tick. These exuviae are 
presently being mounted for further comparative 
morphological study. Nymphs reared adults 
the manner described above are referred 
nymphs” this series reports. 

number individuals that fell 
engorged larvae were reared the adult stage, 
and some adults were kept alive for study their 
life and progeny. facilities 
restricted this phase investigation which now 
commencing larger scale. 

During extended field trips throughout 
many quite fully engorged nymphs were found 
animals which were obtained shooting 
trapping and immediately prepared 
specimens. Nymphs removed from these hosts 
were frequently placed alive tubes and returned 
the laboratory for observation. Although 
among such nymphs was high, certain 
valuable data were obtained and 
included the present series reports. 


were found chiefly the host’s 
the neck and flanks, during all months the vear. 

These data indicate that nymphs 
in-the Cairo area and those 
fum are second importance. 
infrequently parasitizes lizards here. 
definitely determine seasonal evele nature. 
desert-edge lizard Lower Egypt. 

both tick speeies, the time 

EXPLANATION FIGURES 

Fic. dorsal view. Fie. ventral 
View. 

area, outline and profile. unengorged and unmated 
spiacular plates of, respectively, 
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from the host and molting the stage 
varied considerably with season. Nymphs that 
dropped from December through March required 
April this interval was reduced days, and 
afterwards till mid-October from days. 
After mid-October, the length this period again 
increased. Nymphs were 
room temperature. 

Numerous additional records unidentitied 
and nymphs from other 
and Acanthodactylus lizards the area are 
listed in our data books. 


“Although probably already described, are 
vet certain which name applies this 
above, nymphs parasitize 
throughout the vear the vicinity Cairo. 
indicated Table this the most frequent 
immature tick found Egyptian 

Miscellaneous rearings: Five adults 
no. near were reared 
from four lizards and one mouse 
with the data 

(near Cairo 

1953 Amiriva (near Alexandria 

the littoral desert (near Alexandria 
Acanthodactylus scutellatus (Audouin), collected 

March 1951 the littoral desert Alamein 


Western This specimen was determined 
excavatum Dr. Delpy December, 1952 
Acomys russatus (Wagner, collected 


November 1952 at St. Catherine's Monastery, 5000 


feet elevation (southern Sinai 


Adult collections: male sp. no. neat 
Gheminez, Libya, October 1955 
Sayed Mitwally the Medical 
Zoology female the same species was 
taken camel Siwa Oasis, Egypt, 
March 1951 Hoogstraal. The latter 
specimen was identified Dr. Feldman-Muhsam 
from the far southeastern corner (Hoogstraal and 
1957). 

Life results obtained from rearing 
the progeny single pair sp. no. near 
that had molted adults June 
Acanthodactylus boskianus asper taken 
are shown Table 

Nonfeeding individuals were 
temperature. Hosts adults were labora- 
rabbits; lizards served immature-stage 
hosts. 

Two other adults fed fully the arm 
human volunteer for four 


the sites was felt after the 
and, less severely, several 
after 


and distributional data added 
prior 


TABLE 


IS July 1054 sielults 
feeding 
23 July detached from hast ts 
29 Aug Tarvae hatched oe 
Sept larvae 
feeding 
dept ter TH Tarvae detaches 
i\ 15.40 
feeding 
(av. 20.0 


(av. 42.40 


A\ 153.2 Dave ° 
species extends from the mountains southern 
stage hosts predileetion are lizards the 
littoral desert Amiriva and Alamein) ane 


desert edge (Giza spiny mice, 


are alse infested arid Sinat 


these vertebrates are present. thes 
may be acceptable or preferred hosts. However, 
have beeome extinet within 
Palestinian frontiers, and has 


EXPLANATION 
Fie. lizards mfested by avenph 
4 


a 
» ° 
. 
. 


q 


a 


. 
Be 
. 


Annals Entomological Amerwa 


study this tick 
interesting. 


Further biological 


SUMMARY 


Seventy-nine specimens the lizard Acantho- 
during all months 1955 and 1956 the desert 
edge near Cairo, were infested immature 
Hyglomma ticks. Nymphs from 
lizards were reared males and females 
Hyalomma impeltatum, males and females 
sp. no. near excavatum, and single male 
dromedarit. Other nymphs were reared 
unidentifiable dwarf adults, and other non-reared 
and unidentified Hyalomma nymphs 
were also found the above 
the first two tick species noted above 
and from days winter. 

adults were also secured from the same form 
lizard the Mediterranean littoral 
Western Desert; from ofher lizards, Acantho- 
scutellatus and Agama the 
same area; and from spiny mouse, 
Adults have been found infesting camel 
Egyptian oasis and land tortoise The 


known geographieal range speetes 
from the mountains Sinat through the deserts 
Egypt into Cyrenaica, Libva. the 
tory, the life evele from eviposition adults 
required 117 240 average days. 
Lizards were utilized experimental 


immature stages and rabbits for Adults 
also engorged man. 
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OBSERVATIONS EGYPTIAN HYALOMMA TICKS (IXODOIDEA, IXODIDAE), 


PARASITISM MIGRATING BIRDS IMMATURE 
RUFIPES 


HARRY HOOGSTRAAL? MAKRAM KAISER 
Department Medical Zoology, United States Naval Medical Research Unit Number Three, Cairo, 


INTRODUCTION 
Cairo area route Europe and Asia lucidly 
illustrate potentialities for introduction and 
establishment isolated tick populations far 
from the parasite’s native range the Ethiopian 
Faunal Region. The birds recorded below were 
trapped the environs Cairo their north- 
ward, spring migration. The summer and winter 
range and migratory habits each form, briefly 
abstracted from Meinertzhagen (1930), are in- 
cluded the present report order show the 


time and geographical area into 
African tick parasites may 


‘Accepted for publication Feb. 12, 
Report 005 050.39.54. The opinions and assertions 
contained herein are the private ones the authors and 
are not construed official reflecting the views 
the Navy Department the naval service large 

the technical assistance Sobhy Gaber. 


few other tick- 
for comparative 
deseribed by 


records from 
infested birds are appended 
purposes. Methods been 
Hoogstraal and Kaiser (1957). 


RECORDS FROM SPRING MIGRANTS 


Wheatear 


The European Wheatear breeds throughout 
Asia and northern Alaska, also Corsica and 
northern Palestine but not Cyprus Crete. 
migrates Arabia, Africa south the Zambesi 
River, and India. Many Asiatic birds probably 
Egypt and Sinai both passages, first arriving 
the latter half August and disappearing 
mid-November. Spring passage, commencing 
early March, completed late bird 


European 


| i} 
f 
. 
5 


and desert. 

Thirty-twe European Wheatears 
were trapped Mareh and 
Engorged nymphs dropped from the 
between May, weeks after droppin 
these birds died melting. 
immature ticks from heavily infested 
was high. Eleven hosts vielded the 
specimens that died; among them were 
nfested from and nymphs. The 
hosts, infested fewer than and 
ticks, provided vigorous speeimens that 
were reared with few 


Wheatear 

This bird southeastern Russta, 
Minor, possibly extreme 
and northern Sinat, eastern 
Beluchistan, Tibet, and winters 
northern India, Arabia, Sinat, the 


common winter but apparently does not breed 


March and early Mav. 

were trapped Mareh and 
and females rufipes and females 
One host was infested both species ticks, 
which not generally inhabit the same ecological 
were probably mostly rufipes. Fourteen hosts 

females Four other birds were 
that molted became 
interval between dropping being removed from 
the host and molting the adult stage varied 
from months with being the usual 
length time. However, those 
bird, mentioned above, all molted 
exactly month after being removed 


host. 


Black-Eared Wheatear (Eastern Form) 


This bird breeds Crimea, Bulgaria, Balkan 
Peninsula, Asia Minor, Palestine, 


(rete, and Aegean Islands. 
straggles 


Africa, 


northwestern 


Ticks Migrating Birds 


winters through 


and Red Sea 
more abundan 
passage extends 


coast. In 


first week of 


from earls 


probably 


adults betwee 


Redstart 


Five 
1956 


Warbler 


from 
October; 
Mareh thr rough late April. A few 
probably winter Upper 

Eleven hosts 
half 


nvmphs molted t 


plus 


this 


trapped 


an 2! Ma 


vielded 


Palestine and sout 


summer 


Medit erraneal 


and the 


2 March, 


first week of 


but 
April and depa 


Three birds trappe 


nvmphs removed 


died; the secon 


molted to a 


probably rufipes, that 
vielded 
emale H. ru tft pes on 17 Mav, and the 


sprit 


ei 


ctober, passes Northwar 


apparently 


southern Sahara and 
British Isles, and Malta 
Sinat, Sudan, Ethiopia 
Egypt and Sinai 
spring than autumn; autumn 


September through 
extends 


phoenicurus 
(Western Form 
nto Arabi ind Afnica but ipparent 
the arrives.in Egvp 


during both passages, but absent 


im winter 
} 
twee? March an 
thae enolted + 
moited te 
4 


ittoral, the Nile Delta, Upper 
1 
Eg) ptiat uso 1 northern 
Egvptian arrivals 
became more numerous during 


embe 


towing capture; one 


ino 


third, that molted males and 


females 


Montlt ola sa valilis 


bird 


Europe, southern 
Iran, Beluchistan 
Morocco and 
strong migran 


breeds 


pes Also 


(Linnaeus Rock Thrush 


Russia, 


ry t 


t; 10 wint 


remarkable 
wide Spring 


tration from 


passage 


“> 
March first 


less marked 
Two Rock 


were 


On 17 Mav 


rs almost entirely 

end. of 


trapped Mar 


at 
— | 
May 
bird from southern Spain 
and Portugal through littoral northern Africa 
Sudan and southern Sahara 
7 
host vielded 
nowhere common 
half April; autumn passage 


and respectively all molted adult 
reared from the first host and male and 
females from the second host. 
Anthus campestris Tawny Pipit 

This bird distributed through practically the 
whole Europe western Asia. winters 
throughout Africa north the equator. 
abundant spfing and autumn passage 
Egypt and Sinai. 

Two nymphs, removed and April 1956 
from two Tawny Pipits that had been trapped 
few days earlier, molted males rufipes 


May. 


Calandrella brachydactyla (Leisler). 
Lark (Mediterranean Form) 


Onn 


Short-Toed 


This bird distributed from southern Europe, 


Lanius senator (European 

This bird distributed north 
Belgium, Holland, and east southern 
Russia and the Caucasus. winters Africa 
spring passage, March April, but rare 
autumn; not present winter. 

days later; the nymph removed from that 
date molted female rufipes May. 


RECORD FROM FALL MIGRANT 


Coracias garrulus (Western 


Form). 

throughout most continental Europe 
Caucasus, Cyprus, and Palestine, but 
common Egypt autumn passage, arriving 


TABLE 


SUMMARY OF 


NUMBER 
or Hosts 
Oenanthe o. oenanthe 32 


melanoleuca 
phoenicurus 
Erythropygia galactotes 
Monticola 
Anthus campestris 
Calandrelia brachydactyla 
Laninus nubicus 
Lanius senator 

Total 


One of these hosts also vielded two nymphs th: 


passes through Egypt and Sinai large numbers 
spring, through the first week April, and 
autumn beginning late August; few remain 
during the winter. 

Two nymphs, removed April 1956 from 
Short-toed Lark trapped the 


Masked Shrike 


This bird breeds from Asia Minor south- 
western Iran (also, formerly 
winters Iraq, Arabia, and the Sudan; has 
not been recorded south Lake Rudolph. 
Egypt, more abundant spring passage, 
March April, than autumn passage. 
winter Upper Egypt and near Wadi 
Halfa the Sudan. 

nymph moved from Masked Shrike 

March 1956 molted male rufipes 


Lanius nubicus Licht. 


May. 


20 


COLLECTED AND REARED FROM MIGRANT SPRING NEAR 


UNIDENTIFIED 


N 

122 


molted te females of ror peltation 


at 


the end 
August and the latest reeord 
seldom appears before April (very late for 
spring migrant Egypt); the latest 
May. Adults arrive first Egypt 


cross the sea about 
weather: 

immature Roller trapped Rawash 
September 1956 was infested single 
molted toa male marginatum September. 
Populations marginatum are 
small, scarce, and localized Egypt 
Sudan. 


MISCELLANEOUS RECORDS 


additional insight into parasitism 


‘ 


birds, stress the need for development criteria 
for identifying immature and demon- 
strate the impossibility conclusions concerning 
origin infestation when the host worn that 
qualified ornithologist 


Falco tinnunculus 


subspecies the study skins four worn, 
near Cairo. The 
the local form (subspecies rupicolaeformis Brehm 
Sinai, southwestern Arabia, northern Sudan and 
northern from three birds 
female rufipes, dead nymph, 
trapped the same locality September 1956 
dropped nymphs days later that molted 
October males and female rufi pes. 


The first three these birds may have 
local northward migrants, the fourth was 


populations the Cairo area suggests 
that these infestations have been obtained 


elsewhere. 


Lanius minor Gray Shrike 


Two larvae and 
were Lesser Gray Shrike 
(saline area the edge the Nile Delta and the 
and Asia that winters tropical and 
the spring passage and its occurrence 
here late well the extensive 
which winters and from whieh may 
have aequired these ticks interest. 


Owl (Saharan Form) 
unidentitiable nymph was 


aken from Little Burg Arab, some 
This bird the Mediterranean 
speeres known the vicinity Burg 


Hoogstraal 


Hosts 


sp. Abu Rawash, Imbaba, Giza (ne 
Cairo) April 1954, Sobhy Gaber. 

The fellowing larvae 


and nymphs were secured from bir 


Feiran Oasis, 1500 feet altitude, 
ber 1952, by H. Hoogstraal] 


Wagtail, sp., 
DISCUSSION AND CONCLUSIONS 
Spring migrants 
recorded hosts are 
aken 1 traps 
larvae the 
flvwavs to and from 
bypass the Cairo rarely linger here and 
others are not attracted this bait. 
Five hundred and four immature Hyalomma 
ticks were secured from birds, 
representing forms, passing Cairo during 
hundred and twenty adults rufipes 
reared from nymphs from these birds and 
larvae and nymphs, probably most then 
died before molting. These data 
outside the Fauna 
Region result largely entire troductio 
migrating birds (Hoogstraal 482 
Africa, the winter range the European 
Common Redstart, and Woodchat. The first 
these three flies far south the Zambesi Raver, 
the other two apparently not cross the equator. 
migrants the Isabelline Wheatear, 
Short-toed Lark, and 
Masked Shrike, winter eastern Africa north 
the equator (except the first, which reaches 
few instances However, the 
the ticks were acq from pulations 
further south 
Ke 1 a SINCE this k Is T iT¢ af a i 1 
more humid zones Africa 
The destinations of these tick- ester birds 
include much Europe, the Near East, Russia, 
and southeastern Asia. parasites 
remain attached until their hosts reach 
Asia for Cairo, their wav north, few 


feed for davs the laboratory there 
reason suspect that certain 
nymphs remain attached for longer periods 
nature. 

Some undoubtedly detach 


but infestations domestic animals 
idult rufipes the northern Nile Vallev and 
Delta are uneommon and 


: 
is 
E 
Ry q 


ecological factors probably preclude the develop- 
ment large populations from these potential 
foci. The statement that rufipes common 
Egyptian domestic animals the Nile Valley 
(Hoogstraal 1956, 482) should qualified 

Outside the Ethiopian Faunal Region, rare, 
small, sporadic populations rufipes 
Egypt, Palestine, Anatolia and southern 
Pomerantzev (1950), that these 
introductions migratory birds. rufipes 
fairly common the Yemen, but this Kingdom 
Southwestern Arabia natural extension 
the Ethiopian Faunal Region and migrating birds 
may may not important factor here. 
Iraq should deleted from the known range 
rufipes. 

Where only one or 
infest passerine host, 
have better chance surviving than when 
larger numbers feed one bird. single and 
notable exception, however, was noted 
instance Isabelline Wheatear infested 
103 nymphs, which molted adults. 

All molted adults between April 
and May, mostly May, whether they were 
taken March April. The average interval 
between leaving the host and molting gradually 
decreased, week week, from March through 
April. 

Further research the length nymphal 
feeding passerine birds and the rate 
infestation migrant birds newly arrived their 
final destination should interest. 


two immature 
the parasites 


Immature Hyalomma ticks invariably, our 
experience, attach the head, 
crown, beside the beak, and around the ears, 


beside the 
Aulumn migrants: 
trapped during the 
immature 
with nymphal marginatum. 
probable that quite number immature 
marginatum are introduced into Africa each 
migrating birds one kind another. 
These may account for the small, rare, localized 
populations this tick Egypt and the Sudan 
and the single male marginatum known from 
where was found cow after dipping. 


The single autumn migrant 
period this study, 
from Europe, bore 
appears 
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SUMMARY 


Five hundred and four 
representing forms, passing during their 
spring migration route Europe and 
Two hundred and twenty adults 
were reared from nymphs from these birds and 
284 and nymphs, probably 
rufipes, died before molting. 
females tmpeltatum were reared from 
from one these birds. All molted 
adults during the week April the first 
three weeks May. Most hosts were infested 
fewer than nymphs and these survived more 


seeured 


frequently than these from 
birds; however, 108 nymphs 

Wheatear adults were 
reared. These data that 


rufipes populations outside the Ethiopian 
Faunal Region (Egypt, Palestine, 
and southern Russia) have been established 
provided for purposes. 

single autumn migrant, 
Cairo from Europe Russia route tropical 
Africa, was infested nymph that molted 
northeastern 
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EGYPTIAN HYALOMMA TICKS (IXODOIDEA, IXODIDAE). 


INFESTATION GREATER GERBILS, ESPECIALLY IMMATURE 


HARRY HOOGSTRAAL 
United States 


i trent cat Mecdheal 


INTRODUCTION 

narrow area Egypt heavily populated 
people and domestie animals 
eonsistently and heavily parasitized 
impeltatum during the warmer months 
the vear that oceupies niche its 
ewn the study host-parasite relationships 
Methods used the present project 


and 


THe 
The greater gerbil, 


IT) 


MAKRAM 
il Med al Rese irch 


KAISER 
Unit Number Three, Cairo, Egypt 


does not inhabit older silted farmlands, 
saline areas, extreme desert semi-desert areas 
away from cultivation, the littoral desert 
Burrows the greater gerbil are usually 
slightly seasonal study temperature 
and humidity conditions these burrows, cor- 
related with seasonal fluctuations 
populations, present being undertaken 
Mr. Yunker this department and will 
reported subsequently] 

Collecting localities Giza Province were Kafr 
Hakim, Mansuriva, Manshivet Radwan, Abu 
Rawash, Zawvet Abu Dashur, Giza, 
Sakkara, Shubramont, Katatba, Giza 
mids, Birqash, Ausim, and Abu Ghaleb 


TOWS 


ectoparasit¢ 


11 


Sallar 


TABLE 


Afae t t 
Apr 
Ma Py 
Tun 
Sept 21 27 
Nav % 
Total 


and beside the Nile Vallev and much the 
Delta for the entire length Egvpt. burrows 
palm sandy cultivated patehes, and 
this gerbil frequently the most rodent 
people and animals resting, 
and ever and areund its bur- 


and assertions centained herein are the private ones 
the authors and are not 
the views the 
naval 
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Province, Mafuz was collecting 


lages are within sixtv 

dult ticks reared trom nymphs that detached 


thatture 


Ntales Females 
Reeords and nymphs that did not molt 
adults were not associated with the present 
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data, the total infestation significantls 
higher than indicated the above figures 


Hyalomma SCHULZE AND 
Hyalomma 


Nymphs from 152 pyramidum trom the 
Cairo area were reared adult ticks, 
between October 1954 and March 
hundred and forty-nine hosts were infested 
without other species, and were earrying ‘only 
nymphs the 149 impeltatum- 
infested gerbils, other species, alse 
nymphs dromedarii, and one was 
parasitized single nymph excavatum 
(Table I). 

gerbils were sought throughout 
the entire year. wintertime, even greater 
number was examined than during other seasons 
The few hosts found during winter indicate not 
only the low infestation per host but the 
paucity tick-infested individuals the local 
gerbil population this time. Records 
infested hosts were not retained, these will 
kept the present extension this research. 

Nymphs dropped from the host days, 
usually from after having been 
brought from the field. single, netable excep- 
tion represented host number 
These long-feeding nymphs molted 
adults, the usual period time, and 
February 1955. 

The interval between detaching and molting 
adults was extremely variable, even among 
nymphs that dropped from one host the same 
day. During warmer months, this period was 
usually days although sometimes 
extended days. fall, winter, and early 
spring varied from 112 days, with 
weeks being most 

should noted that the 947 ticks reared 
adults, 421 were males and 526 
were females. The interval between detaching 
and molting was different for the sexes. 


The Camel Hyalomma 


Twenty the gerbils vielding dromedarit 
species, and single host bore nymphs that were 
reared adults. Eighteen the 
were also parasitized nymphs impeltatum. 
The months host collection are May (3), June 
(7), August (3), September (3), and October (5) 
Thirteen males and females 
were reared from these hosts. Camels, the 
chief host the adult stage dromedarii, 
are common the areas inhabited the greater 
gerbil. 


} Vi | ol 


from nymph frem ene the hests this 
series. 

domestic animals that graze, pass 
burrows greater gerbils, and other 
mas whose immature stages small vertes 
brates the same area should noted. 
are sp. near excavatum, anatolicum 
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DISCUSSION AND CONCEE SIONS 


Large populations the 
palm groves and sandy 
patches and beside the Nile Valley and Delta 
for the entire length Egvpt. Between Mav 
and October, greater gerbils infested 
During the months, November 
April, assiduous search reveals fewer gerbils, 
all lightly infested the same 
imately percent these hosts were infested 
excavatum Was alse reared from the same 
euring the same area other animals are net 
known parasitize the greater gerbil during 
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extent 

The seasonal average nymphal 
hest) reaches extreme peak September 
per host), and drops greatly October 
and November and 4.17 per (fig. 
The larvae and nymphs per host was 
these reeords enly that detached 
reared and that died before molting were 
net counted. 

these gerbils were males and were females 
the same sex our 
was stressed that report the 
total number reared ticks 

while nvmphs attach both the ears and 
and observed great loss ticks due the 
igre 


BAT TICKS THE GENUS ARGAS 


The greater gerbil, Gerbillus 
large populations which 
inhabit palm groves and sandy cultivated patches 
and beside the Nile and Delta Egypt, 
impeltatum Schulze Nymphs 
trom these hosts the Cairo area molted 
impeltatum. The seasonal average infestation 
very low winter, gradually over per 
host August, reaches peak 13.45 per host 
September, and falls sharply afterwards. The 
between detachment and molt+ 
ing adults the laborator} variable 
the vear (22 112 davs) 

proportion the same hosts were 
infested fewer nvmphs Koch; 
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(IXODOIDEA, 


THE SUBGENUS CARIOS, REDESCRIPTION (C. 
VESPERTILIONIS (LATREILLE, 1802), AND VARIATION 


HARRY 


INTRODUCTION 


apphed the genus Carios 

engorged specimen from bat haunts 
original deseription that not 
bats north southern and thts 
name has leng been usage, its reten- 
appears probably warranted 

During the past several vears the writer has 
group available throughout 
the world and has and reared hundreds 


Naval Melis a] Research Unie No 


CThergye 

European populations ean ascertained the 
present time 

Material from ‘the Ethiopian Fauna 
Region falls within the range 


populations the Palaeraetic Region 


publication March 19, 1957 


Acc epted fe 


opinions and assertions contained herein are the 
private ones the author and are not construed 
official reflecting the views the Navy Department 
a the naval service at large. 
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series from the former area suggest that one 
more separate species may have evolved 
Africa south the great deserts, available 
mens are not numerous enough support 
deny this possibility. 

(3) Essentially the same true material 
from the Near East the Far East, with the 
Palawan, Philippine Islands, which appears 
valid species the vespertilionis group. 

(4) Attempts differentiate larvae this 
group into species the basis body shape 
wild specimens taken from bats (Schulze 1930, 
1936) are wholly worthless because distortion, 
obscuring salient features, and frequent 


lation critical characters during removal from 


the host. 

(5) With numerous samples from large 
population now available, appears that the best 
point reference for recognition 
description specimens from eaves 
Abu Rawash, Giza Province, Egypt, together 
population, 

The last point, then, the this 
paper. With such criteria, the identity other 
populations may more 
Large series, however, will probably 
necessary before additional new species 
designated this group. 

for Argas vespertilionis (Latreille), appears 
advisable propose that this selected, after 
thorough study, from French populations this 
tick. 


Subgenus Carios 


Parasites which bats are hosts predilection. 
Body flat, circular subcircular; with 
body periphery dorsally and ventrally, 
and with ventral lacking 
appendagelike hood although body margin may 
finely wrinkled and granulated; discs distinct, 
arranged clearly radiating rows. Mouthparts 
near anterior body margin. Legs moderately 
short and stout, arising anteriorly; tarsal 
protuberances lacking. 

Type the subgenus. 
material lost (M. Andre, 
correspondence 1957). This subgenus 
cludes pusillus Kohls, 1950, 
several other forms very elosely resembling 
vespertilionis various parts the Old World. 
None known from the Americas. 
Schulze, 1936, described from larva from 
“flying Timor, may the third described 
species this subgenus; this assumption based 
merely its far-flung geographical location. 
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Fabricius, 1794 


Argas (Carios) vespertilionis 


The Round 


author France. 

Caris vespertilionts pp. 
briefly described above and from same 
lost. 

large nymphs adults trom 
paragraph}. 

tion material [illustrated Savigny 
may refer large nymph are the 
trations referring knewn population this 
that Egyptian populations differ frem these 
Europe the name will have prierity 
populations are subsequently 
representing ene and the species but 
beeause the ambiguous nature the 
will have priority. 

well described and figured (Plate figure 

modern sense. However. these 
and none subsequent authors are 
near complete enough previde 
separating this from related forms 

Argas vespertilionis 1796), Nuttall, 
Warburton, Cooper, and pp. 
39, Figs. 57; Plate Figs. and 
Synonymy and descriptions 
with confusus; see Hoogstraal (1955, 

Shtrom, 1946, 


equal 


3Acarus testude Risse, 1790,+ 239, ts see poerks 
described that one has assurance that tick, 
alone any species tick. Although 
tilionis, have recourse but refer this name 
nomen nudum. 

For view the status separate sufe 
41957). 
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REDESCRIPTION (OF POPULATION FROM ABt 

RAWASH, IMBABA, GIZA PROVINCE, EGYPT) 
FEMALE: Measures from 4.2 6.0 mm. 
length and from 3.8 mm. 5.4 
width; average specimen 4.8 mm. long and 4.4 
mm. wide. Body (unengorged) thin 
concealing mouthparts but less than 
legs. Outline very variable (figs. 17); 
usually subcircular with width equalling least 
four-fifths length; lateral margins convex. 
posterior margin bluntly rounded, anterior mar- 
gin somewhat more sharply rounded 
terior margin and slightly expanded over mouth- 


parts (this expansion when 
present should not with heed) 
Outline less ameng smaller 
specimens) more subquadrate with 


lateral margins .and 


reddish brown black 


wrinkling area with Tow, 
granulations towards margins and 
granulations posteriorly; granulations 


ventral views large nymph female 


Fic. 7 A. (C. ves pertilionis, female, genital area 


View 
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become slightly larger towards margin, becoming 
smaller, finer, and less elevated anteriorly, thus 
giving finely appearance; lateral 
margin with distinct, quadrangular 
lineated narrow, deep, parallel grooves. 
and definitely radiating rows (in black, 
engorged individuals discs are easily seen when 
specimen held obliquely source light). 
Lateral integument with from dorsal and 
(lateral suture) that completely encircles body. 
Ventral integument similar that dorsum; 
discs also clearly radiating rows; with four 
pairs buttons, one just beside coxae IV, one 
just posterior coxae IV, one level with anterior 
margin anus, and one just laterad the third 
pair termination supracoxal fold and 
fore frequently concealed. Hood 
minute, one arising from each marginal 
more numerous anterolateral margin though 
frequently rubbed off. 


lateral eoxae Genital aperture 
narrow, transverse slit laterally 
shape mild are wide aperture 
[The the genital aperture 
unique the genus; unmated mas 
appear deep groove posteriorly bordering the 
fleshy ridge bounding the such 
specimens might confused with 
situated midlength each valve with 
least three pale hairs. paired organ 
striated lips, situated 
folds present though more less 

Legs from anterior third body, 
moderately and 


ves larva, view 


Capitulum deep camerostome elosely 
bounded coxae from which separated 
Basis capituli ventrally with convex lateral mar- 
gins, thtee pairs sublateral hairs basally, and 
extending from base apex. slightly 
over twice long wide; apex deeply emargi- 
nate, with verv weak corona; dentition 
files six seven denticles (one two files 
extremely weak submedian denticles rarely alse 
present); pair posthypostomal hairs arising 
level with base palpi and extending level 
midlength basal palpal segment. 
tending beyond apex hypostome full length 
segments and segments and subequal, 
each two-thirds length segment segment 


tuberanees; very slightly elevated 
haller’s ergan; dorsally 
thence gradually tapering; and more less 
gradually tapering; gradually tapering. Pads 


size and difference genital aperture. Measures 
from 3.6 mm. 4.8 mm. length and from 
mm. and 4.0 mm. wide. Genital aperture 
situated between eoxae with 
flap bounded anteriorly semicircular 
and posteriorly area transversely 
wrinkled similar that 
females except that the denticles and 
are slightly weaker and the 


‘ 


weak submedian the shaft some specimens the body outline may 
higher wider than when engorged 
adults hairs are frequently rubbed off and the coxae 
although nymphs may equal are separated from each other integument 
large females. Small nvmphs frequently are 
narrowly elongate than adults and resemble 
dorsal integument more extensive. body individual specimens 
cells are alse present this (figs. more variable than have seen 
Capitulum situated camerostome level other species this genus. Other Egyptian 


anterior halt and bounded “fleshy” pr tions ot this tie k are qui illy inconsistent 


DISCUSSION AND CONCELESTIONS 


margin similar are known migrate great distances 


tertor pale white; Union South Africa, and India 


thorough 


from antertor margin lateral mar- might have thoroughly eonvincing 
patrs and twe studied, should have that 


three body outline and size the 


pairs closely surrounding the anus. eriteria for populations, which 


tive each extending less than half Every stage observed 
hairs small; twe Afriean, and southern African speem 
antertor which does net extend bevend this tiek. therefore refer populations 


situated half between level base eventually proven from these continents 

hatr valve numbers European and African specimens 


shghtly more tapered; lacking name fischeri Audouin, has 


small populations have been reported 
Body shape pp. More recent data indicate 

and more elongate and anterior margin Taboratorv-reared females Tay three four 


anterior margin more less less than thirteen weeks 

parts does net legs data indieated less than six months 
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atter having molted the adult stage and after 
two blood meals adult. Certain egg. 
batches were deposited three months apart with- 
out intervening blood meal although usually 
oviposition followed blood meals about one 
week. Males and females were placed together 
few days after molting and maintained together 
single pair through the entire study. 


ACKNOWLEDGMENTS 


reviewing the manuscript but also for suggesting 
some years ago that because fortunate 
position Cairo were well 
situated undertake biological and systematie 
studies the Argasidae; also Dr. Philip 
for reviewing the manuscript. The warmest 
thanks are also due Dr. Owen 
considerable assistance finding and 
rare old literature during visits the British 
Museum History): 


Both sexes and immature stages 
scribed from populations from bat-infested eaves 
Abu Rawash, Giza, and the subgenus 
Carios Considerable variatien size 
and body outline individuals the Abu 
Rawash population, and 
numbers specimens from Africa 
and Europe, cause these single 
species. Material from the loeality 
designated from French populations. Egyptian 
and European populations eventually are shown 
available for the former. 
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LOW TEMPERATURE STUDIES THE ISOLATED HEART THE 
BEETLE, POPILIUS DISJUNCTUS 


Departement eat 


Duke Univer 


ABSTRACT 


ane extended treatments at 
vere Tetnperatures fave studied asing the iselated 
heart of the beetle Popaliws disjunctis This preparation 

faverable low temperature studies that 


oof turret 


for periods up te 33 heur 
ay fe fee S° resumed contraetien after thaw 
ntrations ef Jf tee protec ted hearts exposed 


for IS hers. with greatest protection ut © ang 
ter, lve Gilyvcerel concentrations of and 


however, 


ef etfeet. At the level ef the single eell one eould 
eellular the tsssue organ level 

The tselated heart the beetle Popilius 
which meets thts and has therefore 
which are more delicate than 
survival The eriteria effeets other 
than survival rate and strength 
and (4) length time between 

The problems examined this studs 
temperatures and the influence time 

attention has been 
which recent vears has been studied 


‘Supported grants from the Fund the 
Atomie Energy Commis 
the Duke University Accepted 


which the heart attached. 


Durham, 
and 20 days storage ln contrast te results of others on 


vertebrate material, recovery *ever afte 


exposures at TW? to 76 regardless of concentration 
rate freezing and thawing. the period 

t Were found in three para wters of heart activity 


ehanges 
after thawing (3) the period of sur sed 


alimw vitro decrea 


(2 he rate of «ontraetion decreased; an 3) the time 
effects of storage have Seen eomsidered in terms of 
wontinuation of chemical te a® subzero tempera 


in reaction 
eoefficients 


of awrta 
temperature 


tures and the preferential If] 


Bucher, and Wilkes, 
have for the most part been eencerned with 


legs near Durham, the 


beetles were used within 


kept 


same 

week after The experiments were 
eut during the months Sep- 
tember, 1956 and temperatures 


during this period were 

The heart was severing the beet 
the prothorax, removing the elytra 
hind wings, and free the dorsal abdominal 
Four heart 

pins 


Ig 
3 
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preparations were fastened with 
laver paraffin mm. thickness the bottom 
petri dish mm. diameter and 
(Gaulden and Carlson, Ringer 
and all experimental solutions Ringer were 
provided gentle jet air the 
surface the solution. This raised the 
Solutions were renewed the hearts 
hours. Approximately 974 heart preparations 
were studied. 

after isolation and prior 
mental treatment each heart was observed with 
dissecting microscope, the eontraction rate 


determined, and the characteristics 
recorded. Rate measurements were made 
particular segment, usually the third, since cold 
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treatment not infrequently 
tion between segments, resulting differences 
rate different portions the heart. The 
strength contraction was designated 
weak, very weak and 
recorded each observation. All final 
minations heart rate were earried 
constant temperature bath 31° with the 
tion one series 15.5° 17°. 

variety methods was exposing 
isolated heart preparations low, temperatures 
and these will mentioned under 
the standard procedure for the majority the 
studies the hearts were pinned 
out dishes previously described. Each dish 


RESULTS 
the temperature studies, the the un- 
treated heart Popilius disjunctus will 
briefly. 


The isolated heart almost 


rhythmic and usually 
which eontinued fer periods hours 
siverage time 27.5 hours. 31° the 
contraction averaged 12.7 hours, with 
mum hours. When the heart was 
medium, for about hours 
That the hearts fune- 


BEATS PER MINUTE 


40 
30 
20 


HOURS AFTER ISOLATION 


Fic. 


deviations shown. 


refrigerated chamber without special 
tion being given the rate freezing. the 
termination the low temperature treatment 
the hearts were quickly returned 31° first 
placing the dish bath 40° 
solution warmed 40° onto the frozen solution 
bring about partial thawing. Thawing was com- 
pleted transferring the hearts larger dish 
solution 31° and replacing this almost imme- 
diately with fresh solution also 


tion rates were taken 2-hour intervals and the 
number hearts showing contraction was 
corded every minutes. 


Contraction Rates Untreated IsolatedHearts. 
Twelve hearts observed each temperature 


Mean rates and standard 
Ringer, 
fluid was shown India the oper 
end. 
and expelled anteriorly. 

The isolated heart normally 
ously for hours after isolation. Thereafter 
the vigor gradually Under all 
tions the contraction rate deereased 
rate observed immediately after (Fig. 
similar decrease has been reported Yeager 
and Hager (1934) the isolated eockroach heart. 
Figure shows the mean rates 
together with standard deviations for twe sets 
hearts observed 2-hour intervals, one set 


was immediately drawn 
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We and the ether The decrease fre 


the rate and the rate lower 


temperature elearly evident. The rate 
10-minute fluctuated 
Davenport’s (1949) finding rate 


are 


at 


the Popilius heart were not 


when the rates were determined 2-hour 

tselated hearts been studied under various 


on Grver rot CONCENTRATION SORVEN 


"Heart 


Ringe seluti placed at Pelt 
etval checked wed at 


his 
tsme, 


several davs, and the effeet 
hearts The temperatures lower than 

were both hearts exposed 
preparations which did not re- 
were marked contraction the 
eles and and the entire 
Hearts treated with 
higher did not exhibit this 
even the lowest temperatures. 

the effeet and —20° for 


ste rage 


tested ever wide range 
exposing groups hearts —20° for 
hours and observing the resumption 
Ringer (Table this temperature solu- 
Reeovery was excellent and glycerol 
and fess higher Concentra- 
tions and were The 
does not necessarily indicate Tess. effective pro- 
teetion against 
glveerol and the fact that 
and Ringer will bring 
about reversible cessation eontraction. 

Ten percent Ringer was selected 
medium for the study the effects low 
temperature Others have 
low temperature studies vertebrate material 
(Smith, 1954; Jovner and Bennett, 1956; and 
Vomerat and Moorhead, 
maintained the untreated hearts 


Fig. 


nay result 


se but 


storage. 


STORAGE 
TEMPERATURE 


STOR VGE 


VWNie 


The effeet the time storage the isolated 
heart low temperature ean expressed 
the percentage the period 
after thawing before the resumption 
tron. The deerease rate follow- 
ing low temperature treatment can alse used, 

Ringer and stored and —20° for 
periods through good survival 
{Table but after and storage the 
These results might taken that 
there eritical period between and days. 
However, other effeets storage described below 


eontrac- 


givcerol- 


TABLE 


92° 


Hearts stored in 10°) 


g 
show that injury was progressive with 
: 


hearts continued beat after low temperature 
storage was related the 
time storage one selects arbitrarily 
the periods when 50°, the hearts 
contracting and plots these 
storage time, essentially straight line 
ship obtained. With the longer periods 
storage some the hearts never resumed 
traction, course (cf. Table 

Latent period striking effect 
low temperature the isolated beetle heart was 
delay the resumption contraction return 
room temperature. The duration this latent 
period was found depend upon both storage 
temperature and duration storage (Fig. 3). 
For hearts the latent period was directly 
proportional the storage time through days. 
With fifteen days storage the latent period was 
more than hours. The same general behavior 
was seen with storage but the latent periods 
were shorter. increased effect the lower 
discussed later. The reliability the points for 
and days storage open question 
because the small number hearts that 
vived these periods. The ehange slope 
observed beyond days was alse 
found with storage but after 
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MINUTES AFTER THAWING BEFORE CONTRACTION 


31° after thawing. 
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MOURSG AFTER THAWING. 


age Duration Contraction. Storage 
Medium glycerol-Ringer 


temperature 


heart 


used for each period storage. Hearts 
thawing. made every minute 


intervals plotted threugh heurs. 


DAYS LOW TEMPERATURE 


Effect Duration Storage Recovery Contraction after Thawing 
Points give mean rates for number hearts indicated parentheses. 


Hearts maintain 
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120 
110 
70 
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net shown. 

Contraction 
hearts was usually 
from the posterior the 
beat was sometimes neted, and was 
fest, segment the preparation 
showing different rate from that another 
The portion resume after 
thawing was frequently the posterior; and 
and the which anterior was usually the 
segment. both untreated and 
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STORAGE 


. 


rate 


Rate Points te present mean change 
rate and rate twe hours after 
21; 5 days. 20; 10 days, 3: davs davs, 3 Heart 
rates determined 


ration ef Storage en 


Het weed 


lew temperature, Tess 
and with time and then 
will the addition fresh 

the seon after The 
hours after thawing compared with the rate 
period temperature treatment (Fig. The 
everall pattern rate with time for 
hearts exposed for various pertods storage was 
treated hearts; and the initial rate 
after freezing may the decrease 
with time untreated hearts but 


femperature per se. 


Several have shown that through 
the use giveerol vartous cells and 
several experimental proce ures imple ed. These 
both slow and rapid freezing. 
Thawing was always eut with 
warmed ms. attempting obtain 


recover freezing, hearts were tmmersed 


any 


\ afte slow 


small test tubes and frezen 


per minute less plactng the hearts 
warmed selution and observed 106, 


Ringer 


© 
alcohal- 


The etivets of leary temperature have tn 
side red Yee he of general tv pes (Weiser and 


‘eS 


rectly from freezing and thawing, and effects 
storage. Both types were shown the beetle 
heart. Hearts were killed 


temperatures and lower Ringer 
the effeets storage with organisms 
1935; Bucher 1948) permit the 
generalization that moderately lew tempera- 
tures (ta the effeets more 
the temperature lowered and the time 
heart stored tor heur days 


from 


follow this rule with respect 
after storage (Table (2) pertod 
survival after thawing (Pig. 
(3) period required for contraction 
after thawing (Fig. 3). 

The time for the resumption 
the beetle heart bore 
the period sterage and was greater with 


late that thts resulted from 
lation matertal due the 
ofa 
temperature 


ot pt SS1iVe° 


reaction(s) im series 


reached and “a 


the Fig. the higher temperature 


equilibrium appear sooner, and 


tor 
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irreversible toxicity Accumulation 
toxic material factor cold injury stored 
fruit has been advanced Plank (1941; 1943) 
and Smith has suggested that 
reaction series two types are involved, one 
leading the accumulation toxic material, the 
other its metabolic removal. The amount 
injury produced will governed the tem- 
perature coefficients the reactions. chemical 
reactions occurring low temperature 
factor injury, then very low temperatures 
the effect storage should decrease and disappear. 
This has been found for the bacterium Treponema 
pallidum (Weiser and 1945) for 
vertebrate material (Smith, 1950; and 
Parkes, 1951; Scherer and Hoogasian, 1954). 

If, the recovery the heart, 
reactions were limiting, the addition respiratory 
substrates might However, the 
addition sodium succinate, sodium pyruvate, 
trations were without effect changing the latent 
period the resumption 

Progressive enzyme denaturation 
creased salt concentration due ice erystalliza- 
storage effects the period since this 
would give curves different form from those 
Fig. and the eurve would much 
above the curve. 

Glycerol protected the beetle heart against the 
lethal effect temperatures down —20°. 
This extends the protective action glycerol 
invertebrate material. The failure glycerol 
protect the insect heart against temperatures 
The concentrations glycerol emploved with the 
beetle heart 20%, and gave 
protection vertebrate material temperatures 
down —190° (Smith, 1954), although not 
all cases (Pomerat and Moorhead, Empha- 
sis has been placed the reduction the salt 
concentration glycerol explanation for 
its protective effect (Lovelock, 
increase intracellular salt expected 
with extracellular ice formation (Asahina 
damage due extracellular ice erystallization 
(Smith, Polge, and Smiles, 

eice formation may involved 
al. (1954) have shown that the heart the cater- 
extracellular but not intracellular 
formation. The isolated heart 
much lower temperatures (to 20°) the winter 
compared with warmer seasons (to —5°); and 
this appeared correlated with the absence 
intracellular crystallization the winter forms. 
Results this nature direct attention the 
colloidal state the protoplasm factor 
resistance cold Temperatures —6° 
were lethal for most beetle hearts 


the summer months, which agree- 
ment with the finding Asahina 
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DESCRIPTION AND BIOLOGY HESPEROCIMEX SONORENSIS, NEW 
SPECIES, ECTOPARASITE THE PURPLE MARTIN 


KAVMOND 
Seetion, Scheel of Pre and Preventive Medtetm: 


Evangelists, Lema Linda, 


College 


ABSTRACT 

laboratory studies was found that first instar 


Head 
predu 


fed onee te re * tien and then starved, moltecd and sur “sat A mate 
vived that adults unfed after their viable 
survived 160 days (mates) 218 (fe females were 
males); and that normally ing star were removed 
survival for males davs. for females with masimum average 
Hut afte rmating @eVvipes! ited at the rate of 4.79 eggs per eggs hatched. { t 
per for five weeks, with eight weeks and virtually 
6.88 eggs per per fem: ile over when males were then added 


per In one eolony males and 14 females 3,104 mMerease Tro per day per f 
348 per female, and 92.5°; of these eggs hatched. Of preduction declined 82°; 
fern le 62.1% tales le lea?) Were, of AE lear, 


iM average of 


This spectes was deseribed from Cachagua Creek Monterey 
the male and Purple nest was located was blown 
host was given fer the the was made while they were 
and five were reported the nes 
infesting house with ether being had appropriated the 
yiven whether this dwelling had previously abandoned nest after the 
heen used Purple Martins. The eighth had fallen the ground. These 

paratype from eollected tn the nest populi ition of Hes pevroct imex colovadensts If 
has been made the writer determine the two popula- 
the 


San Baja California (South); mt. examined from Blue Rivers, 


Dean Spencer. been present. The usual arthropod inhabt- 

this writing (December 1957), are being the several nests examined were fleas, 


members the several colonies Phe material Wicke during July, 


or 


t 
; 
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‘ 
ales produced another where 
‘ 
nale When startvatice 
ctive inegg 
between the fourth and 
1 
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collection January 21, 1957, contained 


adults. This the first report this 
from host other than the Chimney Swift. 

California the Purple Martin does not nest 
bird houses but rather woodpecker holes 
the tops tall, dead trees, usually 
isolated forest areas which have been burned 
over. During the summer 1956 the writer 
observed nesting Purple Martins north Alpine 
Lake, Marin Co. Three nesting 
observed July the tops tall, dead fir 
trees area burned over approximately ten 
previously. July 22, 1956, pair 
Purple Martins were observed nesting tall, 
dead snag near the China Road the north 
side Big Basin Redwoods State Park, Santa 
Cruz Co. this date the birds were 
sitting dead branches near the nest cavity. 
July 19, 1956, nesting site was studied 
Hee ker ass, west atsonville, Santa Cruz 
Ont more pairs adults had nested the top 
extremely tall, dead redwood tree. the 
date mentioned above several birds were 
making short flights from branches 
several woodpecker holes present. Nest material 
has not been from these nests date 
because the difficulty and hazard invelved 
climbing felling these extremely large dead 
trees. Information the nesting period 
presented beeause the this 
factor may have the duration 
which the cimicids must withstand. 

From 1925 until the present, the writer 
only one published report (Lee and Ryekman, 
1955) which concerned with the 
additional specimens which assigned 
the genus Lee Ryekman 
(1955) reported coloradensis 
from miles southeast Guaymas, Sonora, 
Mexico; this was made August 
Spencer. The host Progne 
Brewster, 1889, was nesting abandoned 
wookpecker hole approximately feet above the 
ground Pachycereus pecten-aboriginum(Engelm, 
saguaro-like cactus. the time the 
collection was made the young birds were well 
feathered and capable limited flight; the 
population Purple Martin bugs had built 
estimated number several hundred. 
sizeable live colony was collected and reared 
the School Tropical and Preventive Medicine, 
Loma Linda, California. 

has recently been possible for the writer 
compare specimens taken from the colony estab- 
lished from the locality mentioned above with 
the male and paratype female 
Hesperocimex coloradensis List. study based 
morphological characters that the 
Sonora, Mexico, quite distinct from the popu- 
lation described List under the name 
cimex 


KNOWS 


The and distribution the 
species may eventually assistanee deters 
mining the distribution and extent 
the genus Ornithologists new 
agree that impossible distinguish 
subis subis; the former eastern and 
western race subspecies this Purple Martin 
Purple Martins breeding the eacts Sonera, 
Mexico, ean distinguished from the population 
Purple Martins inhabiting eastern and 
States exclusive the eactus belt 

comparatively recently domestic shelters 
appears from the and 
This would seem indicate 
parasite relationship which has permitted 
Progne 


The speettic has been 
Purple Martin, Progne hesperia the state 
parasite the saguare eactus belt 
Unites States. 

female: General dark 
above, light brown surfaces, 
portion head margin eve sparsely 
with long bristles. Head bread, length shorter 
than width, 0.65:0.75 
terminal segment, longest, 0.26:0.24:0.29 
total length 0.79 tip restrum reaching 


segments sparsely clothed with bristles, 


EXPLANATION FIGURES 

sonorensis. Vhe enlarged the 
Organ Ribaga stylized, composite drawing 
ing the gross morphology this 
selerotized ring the (O.R.) Organ 
proper with the integument the sixth apparent 
dominal segment. The funnel-shaped portion the 
structure and projecting into the 
tized ring that part into which the external male 
tromittent organ inserted. aetual orifice was ever 
seen the external portion the Organ Ribaga 
made possible elearing 


be): 

e . 

6 

‘ee 


e 


Sr 


Thy Peles 1 


ae 
. 
by =e > a 
6 
e 
/ . 


segment longest, twice length segment; 

antennal segment ratios 0.17:0.34:0.30:0.26. 
Thorax possessing many long stout bristles 
expansion and outer margin 
hemelytral pads; length outer, lateral margins 
pads 0.37 Pronotal well de- 
veloped, pronotum twice broad long, 
1.06:0.45 mm. Mesothoracic notum medio- 
posterior region with only slight indication 
scutellar process. Coxae not contiguous, coxae 
second and third legs more widely separated 
than coxae fore legs. 
num, and venter first abdominal segment 
ing prominent keel separating the second and 
third pairs coxae. Mesosternal keel ending 
just before posterior margin 
sternum; metasternum broadly 
olar peritreme scent gland opening located 
ventral aspect metathoracic subcoxae with 
long slender stem-like process extending medially. 

Scent gland approximating shape Australian 

boomerang with outer portion angle pointing 

and second stem-like portion 
angle directed medially base 

Legs moderately long, well developed, 

second pair essentially equal length, third pair 

longer than first second pair 
pair legs—femur and tibia equal 
coxae length nearly twice width, mm.; 
trochanter length, 0.28 mm., width, 0.09 
femur length, 0.58 mm., width, 0.17 mm.; tibia 
length, 0.58 mm., width, 0.075 mm.; tarsal 
ments 1-3, ratios length width, 
mm., 0.091:0.033 mm., third 
tarsal segment twice length first; two claws, 
length, 0.099 mm. Second pair legs—tibia 
longer than femur; length width, 0.41: 
0.32 mm.; trochanter length, 0.29, 0.09 
mm.; femur length, 0.66 mm., width, 0.24 mm.; 
tibia length, 0.75 mm., width, 0.08 tarsal 
segments, ratios length width, 
mm., mm., 0.174:0.049 two 
claws, length 0.108 pair legs—tibia 
obviously longer than femur; coxae length, 0.39 
mm., width 0.33 mm.; trochanter length, 0.29 
mm., width, 0.099 mm.; femur length, 0.79 
width, 0.25 mm.; tibia length, 1.05 mm., width, 
mm.; tarsal segments 1-3, ratios length 
mm.; two claws, length, 0.116 mm. 
Comparing first, second, and third pairs legs, 
all limb segments except coxae show relative 
increase length from anterior posterior seg- 
ments. Ratio femur lengths legs 
0.66:0.79 mm., ratio tibia lengths 1-3, 
mm. 

Abdomen width, 2.5 times width head 
including Posterior margins abdominal 
sclerites, dorsum and yenter, clothed with small 
medium length setae; dorsum first apparent 
abdominal segment sparsely covered with setae 
throughout; lateral margin apparent 
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abdominal segment with four 
abdominal segments, twe eight with ene 
more, often two, long bristles lateral margins. 

mm. depth; organ appears set plate 
less densely than organ 
small tubular structure extends 
Ribaga into abdominal enlarged 
drawing the organ and the 

Sonora, Mexico, 24, 1954, 
Progne subis 

respects mentioned above except for de- 
veloped tibial brushes distal 
first and pairs and the 
Male genitalia, total length selerotized 
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Fic. 2 Ventral view of the pastertor abdomen of the 
portion ef the genitalia expressed by dotted Tines 
internal. The tip the distal end the 
mittent organ the eardinal eharacter separating Hes 
Perocimex sonorensis trom Hesperocimex coloradensts. 

spiraele,; VIII, IX, and are bedy segments 


tially straight with decided curve 
tip; eurved portion, 0.075 mm. 
genitaha the allotvpe male are 

The holotype female male have 
been placed the National Museum, 
been designated; these specimens. have been 
placed the National Museum, 
ton, C.; British Natural 
London, England; Inseet Survey Col- 
lection, University California, Calt- 
fornia; Califorma Academy Sciences, San 
mology, School Tropical Preventive 
Medicine, College Medical Evangelists, Loma 
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were all obtatned from single mter- the dorsal abdominal glands are 

originating from ene nest present all immature stages. the last 


breeding 

that the head wider than 
second antennal segment the longest 
The third segment the 
equal lenger than segments one 


sndication the 
external mals 


semiglossy and oblong 


length 


Ribaga 


15 $ 
the male 


The egys of Tes peros imiex are white. 


form, 


lng measures 


I: fee 
eurved 
above tructure st¢ ht 


tnere rapid rate than length the fourth and 
The hemelvtra are present 
stages but are quite small instars 
tarsal segments, whereas adults have three tarsal 

some variation the morphe- 
structures measured. Data presented 
the above table were drawn from 
ease was the maximum 
measurement for greater than 

The tibial brushes, located the inner distal 
the first and second adult 
are not present the immature 


the vial, the glue-covered egg will 


hold the two surfaces 


fwo pieces of pay 


blotter paper thus joined together 
picked and gently waved through the air 
breaking apart. Eve spots appear 


the developing eggs the end the third day. 


the table comparative characters 


which are summartzed table 


specimens were prepared for stud 


\ 

creosote depigmenting ten per 
A 


and depigmented, the specimens 


° 
from the eggs after 
bd 
glued the bletter paper rearing vials 
bs 
| 
and 
were 
and 
: 


. 


mounted Canada balsam. The internal ab- 
dominal organs were dissected out the ab- 
dominal cavity during after the and 
depigmenting process. Some the best speci- 
mens the organ Ribaga were prepared 
beechwood creosote and methyl 

The first pair coxae may occasionally appear 
contiguous mature and immature 
mens mounted slides the pressure the 
cover slip too great the legs have been 
changed from their natural position. The coxae 
Hesperocimex sonorensis are not contiguous 
live specimens those preserved alcohol. 

measurements given the 
descriptions mentioned above have been obtained 
with the aid calibrated ocular micrometer. 
The ratios have been given actual millimeters 
which not only makes available the ratio one 
structure another structure but also the actual 
size the structures millimeters. 

The length the abdomen was not included 
the measurements because the abdominal length 
highly variable both males 
depending the nutritional the 
individual. 
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material collected miles southeast Guaymas, 
Sonora, Mexico. All the bugs used the life- 
history studies were reared incubator under 
uniform conditions F., 27° C., plus 
minus two degrees and relative humidity 
per cent plus minus five per cent. 

Material and Methods.—The host for 
the cimicid colonies throughout this experiment 
was White Leghorn hen; the host was restrained 
while the bugs were being fed manner similar 
that described Lee (1955). 

Stock colonies the bedbugs were maintained 
mental colonies were reared shell vials mm. 
x95 instars individually isolated 
obtain virgin males and females were held 
small shell vials mm.x vials 
were thoroughly washed with green soap and 
rinsed after the first experiment; the initial 
study nearly 100 first were indi- 
vidually isolated new, unused shell vials they 
from the manufacturer. Most these 
nymphs died. subsequent studies when all 
the vials were washed and rinsed, very low 
mortality mortality all occurred. 

All the experimental vials were covered with 
fine mesh nylon hose which was held place 
rubber bands stretched tightly around the lip 
the shell vials. Green blotter paper was used 
convenient substratum for the bugs. This 
paper has the advantage quickly absorbing the 
fecal droppings and furnishing readily accept- 
able surface which the females may 
The blotter was used twe 


. 
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ways, either folded folds and 
mserted into the vials, twe 
eards blotter paper were inserted 
each rearing vial furnish erevices for the bugs 
hide and for them eviposit Best 
results were obtained when the eards blotter 
paper were not more than three 
length; feeding time this techmique brought 
the bugs down the host and 
sible more rapid and uniform feeding. 
being for were supplied with 
small eards blotter paper smaller than 
the inside diameter the was found 
that lines were seribed the paper 
with blunt instrument the bugs would lay 
eggs these small grooves; this method 
facilitated the counting the eggs. When the 
lines were not provided the bugs frequently 
eounting rather difficult. 

binocular miscroscope was used when 
were counted, when mortality cheeks were made, 
when other statistical data were taken; this 
was done assure aceuracy and 
non, such behavier, the 
shell vials. 

siphon both belong the same subfamily 
thought that for the number 
immature instars Hesperocimex alse 
series 109 eggs were individualls 
small shell when the eggs hatched 
the nvmphs were retained the shell vials and 
permitted feed threugh the 
mentioned above. each number 
was preserved aleohol with their 
east skins. the this study all 
adults, males and were found have 
passed through The 
nymphs with cast skins were mounted 
sonorensis and Haematosiphon 

Table indicates the mean developmental time 
days required for each instar and the 
tion period for the eggs pereent relative 
humidity and 

Starvation rather obvious that 
the Purple Martin hosts are not present 
nesting site for periods time after the 
birds have been reared 
how long the adults and tmmatures 
expected live without food. 
working with Oeciacus viearius, found 
swallow bug was living for six 
without food and gave further evidence 
eate that the bugs were able over-winter the 
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nests the return the hests the 
ing spring. The writer 
Swallow nests the the Universits 
Berkeley during late winter: 
males; none of the speemmets had fed for a cen- 
made short while before the expected return 
the Cliff determine the 
total number bugs had 
Mr. A. F. Wieke kitidly collected, for writer, 
from Purple Martin house 
January 27, reported that 
the Martin house did not appear have been 
that this house had been Purple 
Martins and Starlings the previous 


spect- 


1957. 


collection 


Pensac Ola, 


PABLE 


Swallows may trequent unused Swallow nests for 
brief extended this true 
during the fall and winter seasons when adverse 
elimatic birds find shelter. 
quite probable that under such 
which should then extend survival 
werking have reported the 


spectes 


reported that three frequented the 
vear period observation. 


nests during the wintertime over 
The reported 


Lencosticte te phwocotis littowalis Baird, TS69; 


The Wren, pes persus 
Ridgway, was also found associated with 
the Cliff repor the 
1853) Cliff 
Californta campus Berkeley, Cali- 


From the above would seem that 


not for birds use some 

hirds. quite possible that the fall and 
winter visitations birds seeking shelter the 
nests and ing used other birds 


erder determine the effect starvation 
mature and stages the 
five studies were conducted. 


Twenty-nine first nvmphs were per 
te feed but once and were then aie 1 
nyt the second these 


ars did not live the day 


after their blood meal 

the seeond None these second instars 


isved Devend the J6th day after the last bleod 

third 100 first instar 
2 any of the m ph did not feed whe the 


nymphs 


ado so on Ninet 


these nymphs molted the second instar; 
all the tnstars for davs, and 
the last died the day 

ter the last bl meal. 


that twe three 


wove tt 


From the 


apparet 


nable a first instar 


re adequi ite 
quite eviden 
than once in the 
single female which emerged 

March 26, was permitted mat 
never fed anv time during her adult 
lived until June and died age days. 
This female two untertile eggs 
davs age. Four 
hours soon after the fen 


emal cs 


three males for 


eggs the time they were seyen days age. 
One female died when age, second 
female died age and the remaining 


dle the 


wo females were 1 
number eggs laid and fertilization data 


eggs female will have direct relation- 
ship her potential length life under starva- 

females which have never had l 


a blood mea 


Adult 
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the adult stage. fourth starvation test 
two unfed males and one female were 
together shell vial and were observed 
ally until they died; the female laid twe fertile 
eggs and died the age days; the males 
tion study nine unfed virgin females were mated 
with fed, virgin males; these females laid 
fertile eggs and lived adults from days 
The fed males mentioned above 
were permitted feed repletion three times 
before being exposed the females; the males 
were two ten age when given 
opportunity feed. Six the fed males 
were dead the 46th day after their last blood 
meal; the remaining males died the following 
ages, respectively: 69th, 77th, 90th 
(2), 115th, 130th, and 
day starvation. 

fifth starvation males and eight 
females were united together inte 
The adults this colony emerged 
adults from March and were 
times per week until May 29; this date, 
when the bugs were approximately 
age, all subsequent feedings were 
This study simulate conditions Purple 
Martin’s nest after the fledglings 
have left the theoretically forcing the 
cimicids eonditions starvation, 
the 17th day starvation the first dead bugs 
were seen the colony; the day 
starvation three the eight females were dead 
and two the males were dead; the 27th 
day starvation total six the eight 
females were dead and six the males were 
dead; the 49th day seven the eight females 
were dead and the males; the 59th 
day all the males Were dead and all but one 
the eight females; the last female was dead 
the 66th day. The females this colony died 
relatively more rapid rate than the males 
the initial portion the starvation period, but 
the last adult die was female which had 
existed without blood meal for over two months. 

sixth colony used starvation studies con- 
sisted individually reared males and 
females which were never fed the 
females laid nine eggs, eight which hatched. 
One male and one female died after 
starvation the adult; after days 
tion five males were dead and females were 
dead; after starvation ten males and 
females were dead; after 138 starva- 
tion males and females were dead; the 
155th day males and females were dead, and 
the last male died the 169th day and the last 
female the 218th day. 

Mating males which have 
emerged individual vials appear have 
very strong sex drive when released with other 


brought together readily the backs 
other males and assume 
The male which has been mounted usually 
ducts dance shortly after having been mounted 
and thereby dislodges the aggressive male, 
his back. This dance follows 
pattern wherein the male which has been 
verse shaking motion which seems more 
the rider than physically dislodge 
transverse motion the male aceomplished 
side side rocking with the legs 
used the point pivet. This danee 
female may but general there are few 
such attempts. 

virgin females, with mated females, 
the male approximately the his 
definite Onee the female 
detected the male her back with 
very swift The female 


‘entire period copulation, some females 


dash about wildly apparent attempt 
lodge the the latter situation the male 
elamps his first and second pairs around 
the female’s body grip from which 
she unable release The legs 
are flexed the thus forming 
angle which fits ever the lateral 
the female’s thorax the 
females have been observed engaging the 
wagging dance but even this 
not adequate dislodge the persistent males. 

the typical pattern the male 
mounts the female and direets the 
minal portion his abdomen the right side 
the female’s abdomen. {The organ 
located ventrally near the right, lateral margin 
the female’s sixth abdominal sclerite.) 
internal portion the male genitalia 
the right half the ninth abdominal segment; 
the external portion sclerotized intromittent 
the Davis (1956) the 
parameres Singh-Pruthi (1925) 
left half the same decided 
eurve the terminal portion the 
aedeagus which probes about the ventral sur- 
face the female’s abdomen near the organ 
Ribaga (see figure The male appears 
able detect some means when the tip the 
intromittent organ has the surface 
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more preetse probing motions are 
usually with little further effort the male 
are inserted inte the ergan 
The abdomen the female 
but rather the male genital 
the speetalized pouch, the organ 
speemmens the sele retized portion the 
Ribaga was mm. ‘pth and that 
the eurved portion the 
has been seen tnserted the 
ergan Ribaga depth bevend the 
eurve the distal the external portion 
with very voung virgin females observation 
emerged vial fourteen males and 
gine females. Within than minutes 
and the female was white 
the males began “ball” her; four 
trving copulate with 


there were 


males were tenacrousls 
her one time. 
first male the back the 
one which had emerged and 
white er pigmented. The rece merged 
Ullpiyme ‘nted female "od ait 10:04 A.M. 
and with the other four virgin females, which 
were from one three davs old, was exposed 


was the the three 


nales were 
3 


eopulation at. 10:37 A.M. These 
pairs were copulation for and minutes 
with the female remained her back but 
thus the total period between 
male and female was from 10:14 A.M. 
two hours and two minutes. 

Sex excess 300 last instar 
determine the sex ratio males 
females. The adults which emerged this 
were removed and three 
the males were more numerous 
than the females. there were more males 
the and the last group removed, this weuld 
seem that the developmental time for 
both sexes approximately this 
further supported the data presented the 
The mean developmental period for males was 
and 36. for females. 


. 
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the 301 which reached the adult 
IST were males and 114 were 


females The males are capable ‘of 
fertilizing females for the greater portion their 


the above, not clear why 
this ratie females males should occur 
PERTILITV AND STUDIES 


The studies may divided into tive 
seetions relative the manner 


experime ‘ntal colonies have been handled, namely 

and Females Fed, Normal Reproduc- 
and Females Not Fed, Autog- 
Females Not Fed; Fed 
Not Fed: olf id Vv Fed Virgin Fem: les. The 


net well understeod factors 


which 


? 
maintain reproduction, 


the ane 

the potential autogenous reproduction, and 


males and females. 

this eslonies were established 
males and females age and 


feed repletion five suecessive days 
White Leghorn hen was used 

with strips blotter paper for the 


ales oviposite on. The eards blotter 


ty) 


paper upon which the eges were laid were removed 
every seventh dav, dated, ind pili wed 1n individual 
shell vtals. The eggs placed in the 
same where 

and the eggs were permit 


ere reared, 
When all 
eggs Taid and the percent atched were 
tabulated. There were few eggs which were 
hatched. Some these eggs did 
the eggs were laid, occasion, sueh 
elose proximity each other that the emerging 
nymph was unable push the operculum off the 
egg; however, most the fertile eggs which did 
those meehanical nature, such that 


mentioned above. 

data for This colony was 
established with adult bugs, males and 
females which emerged from 
Mareh Approximately two months after 
the had reached production, all 
feeding was stopped determine the effect 
starvation previously well fed 
was done simulate the condition existing the 
Purple Martin nests after the fledglings have left 
the nest. 
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study figure reveals that the females 
were producing 3.65 eggs per per female 
during the second week after all the females 
the colony had maximum 4.98 
eggs per female per day were laid the 
during the tenth week production; mean 
3.36 eggs was laid per day per female during the 
first weeks reproductive activity. the 
time the starvation test began the was 
laying eggs the rate 3.46 eggs per female 
per day. During the following four days 
starvation the mean number eggs laid per day 
per female dropped 2.45, and during the fol- 
lowing seven days egg production dropped 
low 0.55 eggs per day per female. eggs 
were laid after days starvation. From the 
above apparent that egg production declines 
rapidly and completely terminated 
day. During the first weeks 
ductive activity the females laid 2,215 eggs; 
nymphs hatched from these 
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AGE OF COLONY IN WEEKS 

sonorensts consisting adults, fourteen males and nine 
females. During the first eleven weeks reproductive 
activity, 2,215 eggs were produced. Approximately 
months after the colony had reached maximum pre 
duction, all feeding was stopped determine the effect 
starvation previously well fed colony. 


Colony number two was established bugs. 
nine males and females, which emerged 
adults from March 23. This colony 
was maintained environmentally manner 


that Colony number which dis- 


cussed above. The original purpose this study 
was determine how long colony 
cimex sonorensis may expected live under 
favorable conditions and the number eggs and 
progeny produced per female per generation 
under optimum laboratory conditions. 
apparent after studying figure number that the 
fertility-fecundity value for this species quite 
high and that the females are capable high 
and sustained egg production for considerable 
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period time. Lee working 
inodorus, member the same 
found that the ovipositing females 
live bevond the 30th 

for this for period weeks. 

To determine if the repre dductive decline during. 
the 19th week was duc the females 
both, the following experiments were 
The old males were removed and males (under 
four months age and not virgins) were added 
the colony old females the 19th 
During the weeks very limited number 
eggs was produced, never more than 0.5 per 
per day. reciprocal the above 
was wherein the seven old males which 
were still alive (two had died this time) were 
females produced normal number eggs with 
high percentage fertile. therefore evident 
that the males still producing 
sperm when weeks age but that the 
females were longer capable laving more 
than relatively very number eggs. 
Since the possess ovaries 
appear that when predetermined 
ot eoevtes have been exhausted no more 
produced regardless how much the 
only few females live long enough, 
and under suitable 
permitted use the maximum 
number 

This study was terminated after weeks 
due the fact that the 
females had died and the surviving females had 
laid during the last weeks this 
Furthermore, only ene egg was during the 
above. -It was therefore 
had been total 5,195 eggs 
was laid this females over 
alent mean 371 eggs per female during 
1.89 eggs per day per female during the entire 
period Since four the females 
died during before the 28th week, apparent 
that some females produced considerably more 
than 1.89 eggs per day per female during the 
period weeks. hatched from 
the eggs laid, which reality amounts 343.14 
viable first instars per female 1.75 nymphs per 
female per day during the entire period. 
During the 7th the 10th week inclusive, which 
was the four-week period greatest activity, the 
females laid 1,689 eggs 120 eggs per female, 
which was mean eggs per per 
female during the entire 28-day period; there was 
mean 4.0 viable first instar 
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duced per per female during this peak period 
consecutive 

determine unfed adult males and 
females were capable producing 
without having had blood meal after reaching 
the adult stage. was 
ted first using twe males and one 
The female twe eggs, both which 
The bugs mentioned above emerged adults 
and the eggs were between 
from four seven davs age. female and 
were dead the 69th and the 
male was dead the 
reaching the adult stage. 

more detailed was using 
emerged adults rearing tubes from 
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atter 
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bfourteen females Atetal eta 195 eggs were 
weeks 

females at the Mth week 


with the females April 19, but there 
reason believe that they did not copulate 
with the females before this time. eggs were 
tronal egg was each three successive 
davs, April 24, 25, and This made total 
nine eggs the females. The first 
hatched April 27, which indicates that 
the eggs hateh the sixth 
seventh April seven the nine eggs 
had hatehed, and May the eighth egg had 
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ef a colony of Hes SONOrENS! 


this 


sp. 


fertile. From the above data evident that 
limited autogenous reproduction possible. 
May all the eight unfed were dead 
June when the adult bugs were 
days old total four unfed 
were dead, and eight unfed fen 
were dead. 
these studies 
females 


la 
the males 


were fed but 

These experiments 

was any the being 

pared with 


la» > 
Sand the females 


males 


fed. 


attem} 


led 
the 


not 


Well 


these 


autogenous 
studies 
not fed. 

unfed 
from March 


males had 


3 
ne were 


whe ret?) 


united with three 
7) Maret 1 
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ter fous 


together for 
Between 
laid 
these eggs were the fourth 
seventh after the had physical 
were fertile and produced twelve normal appear- 
The males were fed after 
tion from the females Mareh 

were reintroduced the vial taining 
females 12; eggs resulted from this 
last umon. The first unfed female died 


left 


and These 
hours and then separated on 
and April the 
laid 
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age from days; the last twe unfed 
females were both dead May age 
approximately two months. 

the strictly autogenic studies females laid 
the rate-of six-tenths egg per female; 
the study wherein the males were four 
females laid three eggs per female. 

more detailed study using number 
unfed females and fed males was initiated 
determine the increased egg production obtained 
from the above eolony repeated; te. 
would further investigation using larger numbers 
eontinue indicate that unfed females mated 
fed males were eapable producing more eggs 
thafi unfed females mated unfed males. 

April 12, young virgin males, which had 
previously been given the opportunity feed 
repletion three were released into 
vial nine unfed virgin females which 
were from one ten days age. Minutes after 
the males were introduced there were several 
copulating pairs present. Seven eggs were laid 
between April and 16, and six eggs were 
the nine females; this mean 1.6 eggs per 
female. Combining the data from the two 
colonies was found that unfed females laid 
total eggs, mean 1.92 eggs per 
female ared with 0.6 per female Taid 
unfed males. From these data was found that 
unfed females mated fed males laid more than 
three times many eggs the unfed females 
mated unfed males. Since none these 
bugs any eimicids known the writer have 
been reported engaging feeding 
kleptohemodeipnonism 1951) one 
might eonclude that the egg pro- 
duction between the twe groups females was 
some way related the nourish- 
ment the male and the amount sperms 
duced. This view, however, should considered 
with care since mentioned 
above, one unfed female mated with unfed 
males produced two eggs. 

third éxperiment was conducted wherein 
there were four fed males per each unfed female. 
This experiment was conducted determine the 
possible effects increased amount sperm 
made available increasing the ratio fed 
males unfed females. Six unfed, individually 
reared females which emerged April 
were mated with fed, virgin males April 18; 
the males had emerged April and were 
given opportunity feed repletion 
April 16, 17, and These six females laid four 
eggs from April 23, eggs April 
one egg April 25, and two eggs April 27. 
This total nine eggs laid six females 
seven days, mean 1.5 eggs per 
the eggs laid were fertile. this experiment 
what would appear exessive amount 
sperm available the females did not result 


rise egg production above the mean 
eggs laid the unfed females which were mated 
with fed males involving sex ratio 
females fed males; this than 
males per female; whereas the 
tion reported above there were four 
four per unfed female failed 
production, whieh would seem that 
nourished the sperm. Subsequent 
this paper will reveal that fed unted females 
must copulate with the males before 
necessarily have any with 
nutrition sperm. 

Females Fed, Males Not tourth 
elass studies concerned 
with the situation wherein the females are well 
nourished and the males are studs 
was conducted determine unfed males were 
eapable inseminating the females 
relatively large quantity viable 
second consideration was 
period time the females would capable 
viable eggs after separation 
males: are females and 
storing with one few enough 
sperm for the rest their natural 

April 20, individually reared and 
males were united with females which had 
previously been April 17, and The 
males had emerged from April 16, 
females had emerged from April 13. Mat- 
ings were observed within five minutes after the 
males and females were united inte ene 
April three days after the males and 
females were united, eggs were and 
the fourth day total eggs were present. 
The males were permanently 
females after seven Figure number 
indicates the rapid egg production and 
the large number fertile eggs this colony fed 
females was eapable producing after 
been exposed unfed males for seven days. 

3,396 eggs during period after 
eggs was laid per female result the 
seven days exposure males; this would seem 
indicate that this species capable 
storing large number sperm, least 
retaining viable sperm bodies, 
period upward weeks and maintaining 
relatively normal reproduction long 
weeks after exposure males. Maximum 
attained during the third sixth weeks inclusive, 


during which time 133 eggs were laid per female, 


4.74 eggs per day per female for consecutive 
days. Nymphs emerged from the 
total eggs laid; this rather 
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pertod and during which time the females were 
Viable nvmphs from these 
essentially large percentage viable nymphs 
will hateh from eggs laid females 
early their adult life females 
which are continuously exposed 
ever, after period eight weeks there was 
sharp decline egg production those 


not continuously exposed males, 


females 
‘reas thts 
decline egg production did net until the 
week colony twe where females were 
exposure males. 
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SOMOTEHSLS 28 males and 14 female: Phe 
well fed virgin were exposed the 


t seven Gays of 


ale laid a total of during the Week 


period following exposure males. the 13th 
week virgin and well fed males were introduced 
the colony of fernales te determine if this decline in 


1 
terminated an the bth week 


product 


Phas 


factor the decline egg production the 
tenth week post-exposure males, the 
was observed for the next three weeks, which 
time egg production had essentially 
0.02 eggs per day per female during the 13th 
thts point the history the 
virgin males were added the colony; during 
the subsequent week after exposure the males 
the females laid eggs, 0.97 eggs per 
per female. This immediate rise egg 
tien that the absenee sperm 


respeet tee 


Virgin 


The 


eggs. 
Three 


reared Virgin, females which 
18 were fed 


a total « 


during this approximately one month 
eggs were Jaid the three females. 
April the three nourished females were united 
with three well fed males; twe the three pairs 
were copulation within less than five minutes. 


i 
hours after the males were 


April 20, 
mated with the twe 
the sixth postinsemination there were 
This 
three females was fed five successive days 
each week from April until May 
time the was not fed again determin 


rate. 


eggs present three males and 


the effect of starvation en 
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ivity of a colony of Hes peroe 


three fed females and subse 
quently three virgin females were fed 
five times per week for five weeks during which time 
Were laid 


SOM OTEMSIS 


After five weeks three well nourished 


males were introduced into the colony three 
females; eggs were produced within hours. Feeding 


was continued for six additional which time 


studies were instituted 


The data with the rapid rise 
position rate and the decline oviposition rate 
nourished virgin females and rapid increase 
the rate oviposition from the 
msemination day. the sixth dav starva- 
production. 

The data show that sonorensis 
similar Haematosiphon inodorus (Lee, 1954) 
and lectularius (Johnson, 1941) that 
fed virgin females the latter two species and 
Hesperocimex are not capable laving 


eggs. 


virgin femdles were eapable 
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The abdomens well nourished virgin 
become quite enlarged with fat bodies 
showing through the 
sclerites and membranes. might expected, 
egg production was quite high from these females 
which had accumulated large nutritional reserves. 
This had the highest egg-laying rate 
several colonies studied; the mean number eggs 
laid per day per female was 5.79 during the first 
tive weeks subsequent mating. Nymphs 
hatched from the eggs laid during this 
period time. days before the starvation 
studies were instituted the females laid 
eggs per female per during the following 
three days post-starvation the dropped 
3.11 eggs per female per day and during the 
lowing three the fourth sixth days 
starvation inclusive, egg produetion dropped 
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AGE COLONY WEEKS 


sonorensis consisting fed females and fed males 
The ten well nourished virgin females were reared for 
five weeks without males; twenty well fed, virgin males 
were introduced into this the end the fifth 
week; egg production began within hours after the 
males were introduced. Feeding was continued for eight 
additional weeks which time the was not fed 
again determine the effects starvation 
production. 


eggs per day per female with eggs 
being laid during the subsequent five days and 
only one egg thereafter. These data would 
indicate that sustained reproduction 
only constant blood supply ingested and 
that virgin females not lay eggs. 

The above experiment was repeated using 
larger number individuals, and similar results 
were obtained with respect the inability 
fed virgins lay eggs and the rapid increase 
egg production subsequent mating. Ten 
vidually reared virgin females, which had emerged 


meal April and were subsequently 
eessive days each week until May From 
April May this virgin females 
was permitted feed repletion days; 
during this 35-day period eggs were 
June individually reared males had 
emerged from April were umted with the 
fed virgin females; the males had been 
one vial May and were fed the four 
eggs were present the 
day, but eight eggs were present the third 
day after with the 
day after eggs were 
females mentioned this study that 

the third day after egg Taving 
and the rate inereased rapidly the 
fed virgins either This 
ten females and males was net fed after June 
order determine how fast the egg produe- 

Starvation studies were 
field after the Purple 

have left the nest determine 
egy production would 

These data are summarized 
males the ten females laid 
the rate eggs per per 
production during the week starve 
tion was 3.52 eggs per female per the 
three days starvation was 
and during the fourth seventh 
tion egg production dropped per 
the first week 

The preeeding studies were suggested 
Robert Usinger with the 
graph the the werld which near 
Ferris. The writer also express with 
appreeiation the suggestions and made 
Drs. Deane Furman and Alden Miller 

Grateful acknewledgment alse due Drs. 
the School Tropical and Preventive 
College Medical Evangelists, gave 
the 1954 expedition mte and the 


also very generously made sizeable 
financial grant help with expenses the 
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thanks tor mobile laboratory which 
proved to be e speer ily valuable under field 
Mexico. Without the financial and 
admintstrative support the above would 
net have been possible to have collected the type 
have embarked the studies 
this paper 


SUMMARYS 

proposed for the 
sitizing the Purple 


SONOFENSIS has heen 
population 
Martin, Progne subis 
general body size, and morphology the 

Several studies were 
determine for what period time 
could live without instar 
and survived days after the blood 
which was net permitted feed after molting 
the adult survived days for the 
males and for the females. 


rey and females 


males 


approximately davs age was starved 
the avian hosts from the nesting site; the adult 
not live mere than days and the 


adult females were all dead the 66th 
starvation, 

The sex ratio SOL emerging the 
females and males. 

studies that well nourtshed 
virgin females are net capable laving eggs 
any form. Well virgin females which 
were subse mated with eggs 
the rate 5.79 per per female for five con- 
weeks after exposure males. The 
egg-laying rate was eggs per day per 
female tor period. 
nine and females laid total 
weeks; this mean eggs per female 
hatched from the eggs 
therefore, the mean number first instar nvmphs 
produced was slightly over 343 per female. 

Limited autogenous reproduction 
males and unfed females produced nine 
females and fed males produced 


males, or 


eggs, all which hatehed; this mean 


per female. 

tnales were capable inseminating females with 
males were with females had 


The females 


fed repletion three 
period one week together, the 
removed and the females fed five 
This fed females laid 
eggs during period weeks subsequent 
exposure the males. Maximum reprodu 
vas attained for period 
third sixth weeks 


after 
males were 
mes per r week. 
total 3,396 


to 


davs during the 
during which time 133 eggs were laid per female, 
4.75 eggs per female per day, for consecutive 
hatched from the 
eggs laid. After eight weeks there was sharp 
decline egg production, and the 13th week 
essentially all egg had stopped. Males 
added the colony this time 


resulted 
immediate response egg production ever 
egg per day per female. 

Egg production declined very eon- 
ditions starvation were wel 
producing eggs relatively rapi 
rate. studied egg product 
during the week prior starvation was 
per female per day the 

te A350 eggs per di iv per Oniv one ex 
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SOME EFFECTS GAMMA RADIATION 
TROGODERMA STERNALE 


Department Zoology, University and 
Health Physies Division, Ridge National 


The present study extension work 
1955 the comparative effects radia- 
tion various species Coleoptera (see Howden, 
first’ species investigated, Onthoph- 
agus Schaeffer, belonged that large 
group Coleoptera that possess relatively fixed 
food habits and low reproductive 
(family Dermestidae), the 
species considered this paper, labile its 
food needs and has high reproductive 
which characterizes belonging the group 
insects that often are economic importance. 

Biology.—Beal (1956) has recently reviewed 
the economic species 
Beal (1954, 1956), exists 
number subspecies, which have wide 
distribution over the southern western 
wide variety niches. The speeimens used 
this study happen related the 
subspecific form sternale and 
were collected Knoxville, Tennessee, some 
stored crushed corn. 

this species the sexes are easily distinguished 
both the pupal and the adult stages, the females 
being half again large the 
the experimental conditions, the females any 
one culture developed more rapidly the 
males and emerged from 
earlier. Davis (1945, 354) states that 
and the females outnumber the males until late 
the period Mating oceurred 
shortly after the appearance the 
adults were short-lived, surviving from two 
three weeks under laboratory conditions without 
flower pollen other special food. 

has been reported for other dermestids 
(Davis, 1945) the number eggs laid per female 
variable, apparently depending such factors 
food, substrate, and population density, among 
others. the present study, single isolated 
pairs produced eggs per female whereas 
controls which contained several females one 
time, the average number eggs was 27. 

The whitish spherical eggs were laid singly 
the pulverized food, hatching approximately 


'This research was conducted the Health Physics 
Division, Oak Ridge National Laboratory, operated 
Union Carbide Nuclear Company for the United States 
Atomic Energy Commission. for publication 
May 15, 1957. 

address: Insect Systematics and 
Control Unit, Service Building, Ottawa, Canada. 


ene larvae were quite aetive, 
rapidly through six the sixth mstar 
was difficult the remaining number 
moults before The tetal number 
moults varied, ranging from seven fifteen. 
similar variation has been neted 
larvae exactly the same age New 
adults first appeared the fifth and sixth 
(mostly females during the fifth and males 
morphosed for much lenger namely, 


were sifted from large mass culture 
dried and purina The 
larvae selected were least fifth 
pulverized Purina chow, grams dried and 
pulverized and five six square 
pieces paper Fifty larvae were 
totaling 1600 larvae ineluding were pre- 
two series, each ef which was expr sed te doses of 
radiation from cobalt-60 source. 
facility was the same used the previous 
each dose. Each series was exposed 
2000, 3000, 4000, 5000, and 10,000 
delivered the rate this rate having 
diminished deeay from the 
see given the Onthophagus One 
received their doses single 
second series their dose per 
day for five days. the time 
irradiation the larvae together with their food 
substrate were transferred 
which fitted into the facility. 
Under these conditions the each 
exposure they were transferred back the 

checked for emergence adults. Upon 
gence, the adults were removed, sexed, and 
transferred fresh the same 
food material. The jars 
the newly emerged adults alse were 
weekly intervals for the appearance 
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and Auerbach: 

riginal No. of F, Ne. of 

larvae larvae larvae F, F, 

after after larvae 
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replicates were started with farvae 


Mortality causing reduction numbers 


These weekly were made over 
after which was Tess frequent. 
Final the and generations were 
tnade stx after 
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after 


RESULTS 


One was the differential growth the 
population over the six-month period, 
second was the amount delay larval develop- 
ment caused trradiation (Table 


effeets, which might otherwise attributable 
resulting from single 


exposures, were no 


larvae 
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dose levels and differences larval development 
time are presented graphic form Figures 
and and summarized Table Figure 
shows the effect dose for both exposure 
the size the populations two months after 
irradiation. Figure represents the same popu- 
lations six months after irradiation while Figure 
depicts the number original 
present each the populations six months 
after irradiation. 


DISCUSSION 


From our data impossible ascertain 
there any significant difference the popula- 
tion sizes the total versus the fractionated five- 


does seem difference between single and 
fractionated doses needed for sterilization (Figures 
The Trogoderma were apparently sterilized 
instantaneous dose 5,000 since they 
were unable reproduce, but when fractionated 
dose 6,000 was needed achieve the same 
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PUPATION 


ie) 1000 2000 3000 4000 5000 
OOSE (rt , 


results. Figure also gives indication that 
fractionation the dose has less 
instantaneous irradiation, since transformation 
was delayed greater degree the latter case. 
10,000 (Table fractionation the dose 
had lesser effect the larvae than did 
single instantaneous dose. two months 
percent the larvae given single exposure 
10,000 had died, while only percent the 
larvae exposed over the five-day period 
the end six months there was 100 percent mor- 
tality the one 10,000 exposure and percent 
mortality the five-day series. (Perhaps this 
should expected since Grosch (1954), using 
Habrobracon wasps, found that any prolongation 
the delivery the irradiation increased the 
amount needed for sterilization.) Fractionation 
the dose, while supposedly much 


damage the instantaneous allows 
some recovery between irradiations, thus 
tionation versus dose 
population size the sterilization level were 
not evident. 

considering the the vartous doses 
whether given instantaneous fractionated 
five-day exposure, ean said that dose 
had adverse effect the resulting 
all eases, there was reduction population 
size, and 3,000 and 4,000 many the adults 
resulting from the irradiated larvae were 
ably deformed. Crumpled elytra, malformed 
legs, and misshapen pronota were the most 
mon deformities (for more complete 
tion these types deformities see Howden, 
particularly the deformed individuals. pre- 
viously mentioned developmental time varies 
that the females usually emerge week 
before the males. situation such this, 
the female life span shortened, perhaps 
the effects the female 
before the male has emerged, having the same 
effect sterilization. This seemingly was one 
the factors affecting the popula- 
tion sizes noted the present experiment and 
serves illustrate that ene factor, such 
sterilization, should but that all 
the ecological aspects need 
species 

levels radiation, may not have been due tea 
tion originally proposed Whiting and 
shortened adult life span might factor 
reducing the reproductive potential any inseet 
species. Trogoderma sternale these 
magnified owing the the appear- 
ance the was noted particularly 
the 3,000 and 4,000 treatments that the females 
often died before the males emerged, event 
which eliminated reproduction effeetively 
sterilization. 

While the intent the present study has 
largely ecological, seems fitting mention 
possible economic application the present 
light the recent paper Hassett 
this paper, Hassett the feasibility 
stored products. His figures seem imply the 
need for 16,000 roentgens for control. Not only 
the present work, but work Bushland and 
Hopkins (1951, 1953), Grosch 
(1954), and others, indicate that much lower 
doses might adequate. 


SUMMARY 


This paper some the the 
biology Trogoderma sternale and the 
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and 


and fractionated doses gamma 
reproduction and larval development. 

was found that all doses delivered full 
larvae reproduction adversely. 

thought that reduction population 
deformities affecting the mating behavior. 

was apparent difference effects 
offspring between instantaneous 
and fractionated exposures below 5,000 

and above there was reproduction, but, 
when fractionated, exposures 6,000 was needed 
prevent reproduction. 

Larval development was delaved 
doses than fractionated ones. 

The authors are indebted 
and Parasite: Introduction, Entomology 
Research Division, Department Agricul- 
ture, for furntshing verification the 
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NOTE SURVIVAL AND FEELING NEWLY HATCHED LARVAE 
CTENICERA AERIPENNIS DESTRUCTOR (BROWN) 


(COLEOPTERA: 


ELATERIDAE): 


1939) found high mortality 
the field during the first twe summers life. 
When the were previded with grains 
grasses during this period, 
average percent and percent, respectively. 
Only percent survived plants 
during the first weeks life when they were 
fed wheat, and rve seed and when 
they were kept without feod soil 

obtain eggs, several aduits both sexes 
that had been passed through 
was washed through screen with tap 
water every davs collect the eggs. 


$625, Division, Science 
Service, Department Agriculture, Canada. 
Accepted for publication Mav 20, 1957 

TAssmetate Entomologist 


The screen was examined under 
and the eggs were removed with 
paint brush. The eggs were 
incubated small moist blotting paper 
petri dishes 68° and percent 
days after their removal from the soil. 

Within hours hatching, the farvae were 
transferred individual salve tins con- 
taining oven-dried clay loam soil brought 
percent moisture saturation with distilled water. 
Each tin contained one seed wheat, barley, 

ermine whether larvae eould survive 
only dead organic matter present the soil, 
one series was reared sterilized soil without 
food. The soil was heated 212° for hours 
and allowed cool room temperature. This 
was repeated successive The soil was 
brought percent moisture saturation with 
sterile distilled water. The-tins containing the 
larvae were closed and placed constant 
temperature cabinet and percent 
relative humidity. 
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TABLE 


NUMBERS oF 100 LARVAE or ©. destructor 
WITH ONLY 


AVERAGE 
PER 


AFTER HATCHING 
F¢ 


Flax 

Wheat 

Barley 

No food, 
unsterilized soif 
sterilized soil 
level 


values transformed, using the 
X+ 0.5. 


Five replicates each were used for 
each test. Every weeks for period 
weeks, mortality and feeding 
recorded and fresh soil and food were provided. 

transformation was applied 


rye barley (Table Survival wheat 
was not significantly different from that flax, 
not significantly higher than when food was 
added the soil. Mortality was greatest during 
until the end the sixth week. larvae sur- 
vived after the second week unsterilized 
sterilized soil without added food, suggesting that 
they were incapable surviving living 
both. 

Analysis the data showed that the 
fed often any one food the 
The periods greatest feeding oceurred 
ferent times with different foods (Table 
This suggests that the feeding behaviour the 
larvae influenced the food value the seeds 
their attraction for the larvae, both. 

Contrary results obtained Strickland 
under field 1939), this 
gation indieated that under 
barley for the voung larvae this 
alse showed that survival less under 
these than that found 
the 


TABLE 


Flas 

Rye 

Wheat 

Barley 

L.S.D. Tevet 


the survival data and arcsine 
the feeding data, after which analysis 
variance was carried oyt. Differences survival 
and incidence feeding were determined 
means the test percent level. 

Significantly more larvae survived flax than 
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OBSERVATIONS REPRODUCTION AND DEVELOPMENT 


EDWIN GEORGE 


Pieneeringy Research Division, U 


has been pub- 
tnent the species cockroaches, 
similar data less are 
meager. During the few 
vears have aceumulated 
species This material has been 
reduced number mean values which are 
presented hereinafter with estimates 
simultaneous 
data with those other workers would 
desirable, space precludes our 
values from the literature. 

The following references may for 
pertinent biological data for some the 
Fischer (1928), Gier (1947), Gould and 
(1938, 1940), Griffiths and Tauber (1942), Hafez 
and Afifi (1956), Klein (1933), Landowskt (1937). 
Ross (1929), Sein Wille (1920), 


AND METHODS 

observations have been made the 
(see Roth and Willis, 1954, 1955). 

Group species that drop their 
(Fabricius), 
ville), and Supella supellectilium 

Group species that their 
Blattella vaga Hebard. 

Group which their 
internally brood sae where the eggs 
(see Roth and Blaberus 


‘kroac he 


?Present address U.S.D.A., Eastern Utilization Re 
Braneh, 


Army Quarte ister Research and Engineering Center 
Natick. Mas 


aechusetts 


(Linnaeus); and the false viviparous (see 
(Eschscholtz) dytiscoides (Serville 

The peried based 


duction the first females that were 


kept with males from the time gence; the 
lengthened the female does not mate (Roth 
and Willis, Egg development was timed 
from the day each was seen being formed. 


ped 


hel? rinle 
IV im Shell Viais un 


that 
were placed 
eggs hate hed 
Blatiella 
roaches were 
Nymphal development was 
and for groups insects which were kept 1000 


species 


the two species 
the so-called 


tsolated tn beakers while 


VIViIparous COCK 


mi. beakers larger glass The bottoms 
the containers were lined with filter paper and 
the tops were covered with eloth. 
species that tended eat the 
marked with col 
surface the legs each nyn 
visible throughout each instar. 

Food (Purina Dog Checke and water 
were provided elus 
was also provided with fresh 
however, have since found 
supplement the diet with lettu 

The temperature and 
prevailed during the differ 
not all alike. The observe 


SKINS were 


ored lac 


i 


neted under each species ts. 

The various species cockroaches are arranged 


havior indicated the preceding section. 
form another within few days 
after, and the interval between suceessive 
short, usually much shorter than the period 
ineubation. other species, 
about with them until the eggs hatch, 
are prevented this 

another until the one dropped 
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when these are carried full term, somewhat 
longer than the period incubation. 


GROUP 
Blatta observations were made 
laboratory where the temperature was 
maintained about 30° except for occasional 
hot days summer when reached 36° 
humidity was uncontrolled. 


Annals Entomological Society America 
matured more rapidly than females except for 
offspring virgin females. 

(1929, 1936) suggested that 
tion injured appendages increased the number 
moults For this reason 
analyzed the data separately for normal 
with five-segmented tarsi and for injured 
that had regenerated legs with only 


TABLE 


COMPARATIVE REPRODUCTIVE DATA FROM COCKROACHES 
Drop THEIR OOTHECAE SHORTLY AFTER FORMATION 


MEAN VALUES STANDARD ERRORS 


OBSERVATION 


per 


Eurycotis 


Pertplaneta 


Su pella 


Periplaneta 
austra 


dastae Ne 


Female 
Preoviposition 


Intervals between 
successive 
Odthecze Days 


Incubation 


ole 


ROA he 


0.08 208 


\ Odtheca 
Eggs Hatched 
Developed, Un- 
hatched Eggs 
Undeveloped 
Eggs per 
Percentage 
Sex 1:1.05 
bi-parental stock. 4Produced mated parthenotes that were offspring virgin experiment 
was stopped after 110 days before more than had been produced any one female. parthenes 
genetically virgin females. only those o6thecae that produced and had hatched the last 
summer. See text. based all o6thecae produced first female except the last 
were damaged the eggs could not develop. based produced the second 
Twelve these odthecae did hatch. the interval between the penultimate and last 
between penultimate and last 

Males and females that had been isolated tarst. The numbers with 
emergence -mated readily when first placed regenerated appendages not enable 
gether from four nine days later. The 
duration copulation was minutes the more rapid development 
The observed reproductive performance reared groups compared those 
this species given table arately agreement with similar observations 

All nymphal stages this species were unable Landowski (1937). 
climb vertical glass walls. nymphal Cariblatta lutea minima.—Limited data 
development are given table II. and nymphal development are giver. 

table III. These observations were made 
the the standard error. and relative humidity. The were 
tT 
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Willis Reproduction and Development Cockroaches 


kept until the eggs 
Females required about more days than males 

observations except 
these virgin females were made laboratory 
where the temperature was 30° except for 
short periods when reached 36° 
The humidity was uncentrolled. Virgin females 

Adults each sex were upon emergence 
and later placed together 1000 beaker for 
several hours each day until 
One pair mated the eighteenth day and twe 


TABLE 


intervals from four fortv-one 
ductive data from females kept with males are 
given table 

Virgin females were tsolated upon emergence 
and their eggs were examined for evidence 
parthenogenetic development. Females that were 
observed from emergence until death lived 
days {N=10) and produced 
eggs that developed Eight 
other females that were alive when the 
ment was terminated were observed 


STAG 
Males N 
4 226 8 238 
standard error 
*Progeny et mated parthenetes that were offspring irgin females 


pairs mated the day after emer- 
gence. mating behavior this species has 
been described Roth and Willis 
that publication have seen many males court- 
was not observed, but one pair remained 
copulo for over hour and another pair for 
ever two hours. Spermatophore remains were 
dropped these females four days later. Among 
the mated pairs set provide information 
reproduction, many four spermatophores 
were found 110 days; this indicates least 
four successive matings the 
The spermatophores were 


per female which eontaine 
eggs that developed 
notes hatched from only three and most 
died within short time. However, the time 
this was written two large nymphs were still 
alive; both were females. most the 
eggs hatch attributed there being 
too few mature embryos split the keel the 
(ef. Blattella germanica, Roth and Willis 
1956) because many instances practically 
egg developed which any develop- 
ment occurred 

The nymphs Eurycotis climb 
vertical glass walls birth. Data 


: 
‘the, 
2 
4 i 
he 4 
i 
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development are given table sexes 
mature about the same rate. The few insects 
with regenerated legs matured less time than 
normal insects. Nymphs reared groups ma- 
tured more rapidly than isolated individuals. 
reproduction and nymphal development are given 
table Females took longer mature than 


did males. These observations were made 27' 


and relative humidity. 

Twelve females were isolated 
emergence for determination parthenogenesis. 
They were maintained 24° 


weeks and produced The 
ten females lived davs. Three these 
which eggs developed; one 
female produced eggs that developed 
but none survived. 

observations were 
made about 30° except for 
days when the temperature reached 36° 


humidity was uncontrolled. 


Males and females that had been tselated 


TABLE IIT 


TYPE 
OBSERVATION 


Ryrsotria 


Days 

Eggs Hatched per Ootheca 
Period Development Nymphs 

Reared Groups, 


Females 
Males 


false ovoviviparous species belonging the Blaberinae 


‘Number of o6thecae and insects 


iparous species that drop their oOt 


ERRORS 


TABLE 


INSTAR 


Normal 
10 6+0 1 27 11.220:5 
3 11. 29.2 27 12.0+0 3 
5 16 9+0 7 27 14.82+1.4 
STAGE 
Moults 
Moults 134 


DURATION 


Females 
102.2+0 


*Mean standard error. 
insects 


NYMPHAL DEVELOPMENT 


17+0 4% 10.2+0 2 
11.3+0.2 ot 12.4%0.2 
13.0203 3t fe 
17 620 8 3t 


Males 
Me 


: 
- 
. . 
¢ 
‘A 


emergence seven days when Data mated females 


development died within two three weeks without 
americana are given table Nymphs produced Three females 
unable climb vertical glass walls until after that were damaged that egg 
the sixth seventh moult. Nymphs with development not the re- 
regenerated did net require longer eleven females, within 
mature than insects; however, lifespan days only one sotheca 
reared groups matured less time than these eggs developed these 
reared separately. ether seven females produced 


Regenerat 


1 0.1 782 OF 7.42 03 te ue % 
1 
tt Moule 283 «3 261 2 204 | 
£2 Moults 410 #12 gap 3 375 
‘Pemates N! Male 
a7 Yeas 6+2 0 
Mean © standard errer 
Progens of virgin male : 
Periplaneta observations ex- average period they were observed, total 


with highs 36° C.; the eggs that developed. None the developed 

humidity was uneontrolled. Virgin females were hatched. 

humidity. table VI. Groups nymphs reared together 
Males were seen attempting mate more rapidly than those alone. 

days age. They raised their wings and flexed first instar ean elimb glass. 

that males (see Roth were started about 30° 

Willis, end summer these were removed 


are giver 


4 


4 
] 
- 
at | 
. 
. 
: 
| 
as 
es: 


° 


private home where the 
between 19° and was 
uncontrolled. Virgin females were maintained 
24° and relative humidity. 

Only two fertile females were available the 
time these observations were made. Data 
reproduction these females are given table 
When these insects were removed lower 
average temperature during the experiment, the 
following changes from the data table were 
noted. The average intervals between the last 
six produced each female was 13.04 


TABLE 


ALL Hap REGENERATED 


AND NYMPHAL STAGE 
REARED 


Females Mates 
3 19. 9+1.5 10 2 40 

22 10 Bs. «= 6.3 
6 32.0+3.2 10 44 #15 & 
9 37.0+2.9 10 38 «x 5.2 
10 37 .9+3.2 10 48 4 

Nymphal 

Stage 


Moults 


Males 


Females 


1.6 days (N=10). The 
period the last five from each female 
from which eggs hatched was days 

Data parthenogenesis, this species were 
obtained from virgin females. Twenty-one 
these lived average days during 
which time they produced per 
female; these 0.86+0.42 per female 
contained eggs that developed. Nineteen nymphs 
hatched from one The eight other 
females, which were still alive when the 
tions were terminated, were observed for 
days. During this period they produced10.6 
3.4 odthecae per per 
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females, produced eggs that 
amined. Eggs hatched from the 
examined. the nymphs that hatched, 
have matured; all were females; additional 
were still alive time writing. 

The longevity several adults brunnea 

Periplaneta observations were 
made about 30° except for few 
summer when the temperature reached 36° 
The humidity was uncontrolled. 

Males this species attempted mate five 
days after emergence. Reproductive 
given table Data nymphal development 
are given table reared groups 
matured much more rapidly than 
viduals. Nymphs ean elimb glass birth. 

observations were 
made during the fall, winter, and spring months 
when the temperature was maintained about 
The humidity was 

One female was seen copulo three days 
emergence adult. The male 
copula was five davs Pairs were 
mating only three times. Copulation 
least minutes; initiation the act was not- 
observed. Courting and initiation copulation 
has been described Roth the male 
female, they swing about inte the opposed position 
facing directions. copulo the 


male held his wings raised angle about 


Males were seen feeding the secretion 
the dorsal gland other males that had raised 
their wings while courting 

About hours elapsed between the beginning 
the formation the and its deposition. 
Other data reproduction are given table 
The variation the numbers eggs 
shown figure The maximum 
hatch was reached with the seventh 
1). 

The longevity adults this species 
table the relation between the 
females and their fecundity. 
suggestion that females that lived longer tended 
produce more The period between 
formation the last and death the 
female did not change appreciably the 
grew older. 

Data development are given 
table VIII. Both sexes matured about the 
same length time. The nymphs ean 
glass upon hatehing. 


GROUP 


made during the months the when 


* ae 
ee 
5 
nee 
‘ 
ee 
| 
| 
° 
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the temperature was maintained 
about humidity was 
Most the females this species rotated 
their that the keel was toward the 
female’s right. few females were seen that had 
rotated the with the keel toward their 
dorsal tilted toward the side. 
Data reproduction are given table 
Data adult are given table 


ul 


BLATTELLA GERMANICA 


nm 


SUPELLA SUPELLECTILIUM 


MEAN NUMBER EGGS AND NUMBER HATCHED PER OOTHEC 


were examined they matured for the presence 


regenerated legs. Six adults had one 
ated tarsus; these tnsects had moulted only six 
times (ef. Woodruff and Seamans, 
table sexes matured about the 
same length time. 

about 30° except for highs 
The humidity was 


BLATTELLA VAGA 


NAUPHOETA CINEREA 


Ist 2nd 3rd 4th Sth 6th 8th 


ORDER OOTHECAE 


The number eggs produced and the number that hatched per rel 
formation. Dotted lines are numbers eggs per solid lines are 


standard error 


The tended produce more 
number eggs per odtheca 
dropped with after the fourth 
1). 

were able vertical glass walls 


observed. The vertical eapped lines indieate one 


One female that was upon 
when placed with male three davs 
also copulated when three days old. 
Other mated four nine after 
becoming adult. The mean duration 


tion was Matec females 


2nd 3rd 4th Sth 6th 7th 

3rd 4th 5th 6th 7th 

le 
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dropped the spermatophore within hours after 
copulation. Several spermatophores were seen 
the beakers containing mated pairs during the 
course the experiment. Males that had been 
previously mated were introduced new females 
after hours which time they mated readily. 


Shorter intervals between matings were not 
Females were seen copulo few hours 


after dropping 

Comparative data reproduction mated 
and unmated females are given table 
Only one virgin female produced eggs that 


mated females were earried for one day 


R eveneri te d 


TABLE 


REARED ALONE 


3 23 «= §2 34 
iS «12 10 
6 53 « 9.2 30 
9 78 #13 
12 | 
Moults 


DURATION 


19] +28 


‘Mean standard error 
insects. 


Formation the required about 
hours. Females rotated their with the 
keel either the left right, but mostly the 
right. few females retained with 
the keel dorsal only slightly tilted. Among 
mated females the number eggs and the number 
that hatched per decreased with each 
successive after the third (fig. 1). 

The longevity adults Blattella vaga 
given table There positive correlation 
between the number produced and 
the longevity the female, both among females 
kept with males and among virgin females. 


There was the length 
the periods between formation the last 
and death the female, and 
able trend apparent. 

moulted five seven times after shedding the 
The nymphs ean 
glass walls tmmediately 
Data nymphal development are table 
this species the female matured more 
rapidly than the male. The time 
for individuals with regenerated was not 
significantly different from that normal insects. 
Likewise the duration nymphal development 
for reared groups was net 


Reyenerated 


REARED 


Mates Nt 


different from that nymphs reared separately, 
except for individuals that moulted seven 
GROUP 

Blaberus reproduction are 
given table observations were 
made early -in the year when the temperature 
maintained about 30° C.; the 
was uncontrolled. The longevity adults 
given table Data nymphal develop- 
ment are given table observations, 
through the ninth instar, were made 
temperature From the ninth moult 
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TABLE VIII 


STAGE 
Females Males N 
TABLE 
MEAN VALUES STANDARD 
Blattella germanica Blattella vaga 
ATION Mated Females* N> Mated Females* N! Virgi Female N 
hh terval between Suceesstve | 
: Odtheeae, Davs 22 0+0.3 24.2+0.4 ix! 2 | 
Period Females Carried Ootheeae mn 
Eygys per Ootheca 36 40 27 .7+0.7 122 21 020 6 AV | 
Eves Hatched Per Oothees 27 2 122 0 
Parthenogenetieally 
Percentage of Hatched tnseets that | 
*Number of inseets or odtheeae i 


only those that matured. 

“This figure does not include data from that were carried for one day less 
figure does not data from that were carried for one dav less 
eggs were the same 
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= 
dive 
° 
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maturity the insects were kept 
The humidity was uncontrolled. Half the 
males with regenerated tarsi moulted one more 
time than normal inseets. 

Byrsotria fumigata.—Limited data 
duction and nymphal development are given 
table The data for nymphal development 
are for individuals from single litter reared 
group; males matured more 
females. insects were maintained 24° 
and relative humidity, 


TABLE 


production except those the seven females 
noted below were made 24° and 
relative 


Reproductive data for this speetes are 


broods from seven females reared lower 
average temperature (19°-24° C.) were not 
ally different from the values the table, except 
that the interval between emergence 
hatch the first brood was days 


LONGEVITY ADULT OVIPAROUS COCKROACHES AND RELATION 


SPECIES 


Femates 


Blattella germanica 
All specimens 
producing the following number 


of o6thecae: 


0 
tie 
32 
34% 8 


Blattella“vaga 
kept with 
All specimens 


5 iW+10 

Virgin 
All specimens. 


producing the following number 
of o6thecae: 


brunnea 


Supella supellectilium 
All specimens 
producing the following number 


5 53 

7 to S* 
9 to 10 23 «5 
11 to 12 4 i2 «3.2 
13 to 14 10 «2.1 
15 19 «43 
IS 10 


=number insects. 


FROM FORMATION 
Last OOTHECA 


1 tsa I 

10 23 

3 34 3 

2 OS + 24 


141 
70+2 
91+3.8 
102+6 
121 


ae: 
— 
ig 
. hiss 
Re 
- 
‘ 
2 
) 
| 
2 . 
& 


rABLE 


Nermat Reyenerated Nb Normat Regenerated 
5 2+(0 1 OelO. 2 5.5+0.2 87 a 2202 é 
Females N> Males N 
standard 
TABLE 
#472 2 18 +6§.2 IS +67 
Moults B35 S20 S 13 33.5215 > 
6 Moules Uy 33 43.52 2 51.2+3.2 20 13.421 


females Males N> 


Number 


. 
: 
| 
° 
‘ 
° 
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significant difference. This period covered the 
coldest winter months and the lower temperature 
may have increased developmental time. Other 
reproductive from the seven females main- 
tained into line with that the 
temperature. 

The incubation period was estimated 
the difficulty finding females the act 


transferring the very the 
brood sac. Females this species mate 
emergence while still teneral (Roth and Willis, 


subtracting the between 


1955a). 


° 


COMPARATIVE 


TYPE 
Blaberws 
eranitfer 


N° 


Broods per Female 


Preoviposition Period, 
Intervals between Hatches 
Broods, Davs, 


t@ 


Successive 
Emergence 
Ist brood 
Ist 2nd 
2nd 3rd 


5th 
6th 7th 
7th 8th 
Incubation Period, Dave 
Eggs per Odtheca 
Developed, Unhatched Eggs 
per Ootheca 6 
Undeveloped Eggs 
Percentage Hatched 
that Matured 55% 90% 


strain that produces femafes. 
only those insects that matured. 


‘First brood only. 
*See text for explanation this estimated 


(or emergence) and appearance 
(Stay and Roth, 1958), from the known interval 
between emergence and hatch the first brood, 
estimated the incubation period 
days. The estimated value 
embryogenesis that cited 
(Riser Roth and Willis, 1955a) was based 
one observation. 

given table XIV. There positive correla- 


mating 


tion between the longevity the female and the 
correlation 


There 


negative number 


ploplera 


produced and the interval trem the 
the last brood until death. 

nymphal development are given 
ment were made temperature about 30° 
with periods 30°-36° Nymphs 
this species moult fewer times than any other 
one more moult than the males and 
require longer period mature. 

observations 


those virgin females were made temperatures 
with eceasional periods 
Virgin 


about 30° 
The humidity was uncentrolled. 


Naw 


Pye 


Lens ophava 
maderae 


Nt 


is t 14) 82 276 14 
YW 2? 
2 5% 1.3 12 | 35. 220% 
33. 821 2 32 55 | 26.422 4 


were maintained 24° and 
humidity. 

Five days after emergence adults, males 
females the same age, but the 
females seen were eleven days 
the late afternoon males were frequently seen 
performing the actions 
Roth and Willis (1954). 

Reproductive data from mated females ate 
given table XIII. The from 
virgin females were examined when they were 
aborted. evidence parthenogenetic 
ment was found. Six the females lived 
average days; were alive when the 


reli itive 
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experiment was stopped and had been observed 

Data nymphal development are given 
table usually undergo one more 
moult than the males and take longer mature. 
Nymphs glass birth. 

Nauphoeta development was 
reproduction was obtained this temperature 


nymphs that hatched, with each 
the third but fell off with the 
the intervals between broods 
successive after the third. This relae 
tionship shown and other reproductive data are 
given table XIII. The data egg 
tion cinerea that are given 


TABLE XIV 


ADULT COCKROACHES THAT CARRY THEIR 
INTERNALLY AND Its RELATION THEIR FECUNDITY 


Females 


Diploptera 
All specimens 
number ot broods 


135+ 
Nan phoeta 
All specimens 
producing the 
at rds: 

53% 7 
386 & 


All specimens 
dumber ot bre “ 


*Parthenogenetic strat. 


most the vear, but summer there were 


periods when the temperature reached 


The humidity was uncontrolled. 

six days after the adults had 
assumed the courting position, with wings ele- 
five days after emergence and would 
remain this pose for several minutes the 
presence females. The longevity the adults 

Egg production, determined the number 


Last 
Broop 


13 $42 +25 
2262 47 
284+ 
$3 359% 16 33 
16 16 > 14 16 
412 l 
224 
257 
362+ 23 
200 
ISO ] 
294+ 
305+ 


were from different females than those used 
obtain the curve figure The sequence 
formation was not known for the used 
obtain the data for the table. 

Hatching the nymphs, the female extrudes 
the from her brood sac, has been described 
for two females this species Roth and Willis 
birth cinerea contirmed this mode 
hatching. The nymphs shed their embryonic 
membranes they hatch and subsequently eat 


. 
hy 
fe, ) 
‘ 
4 
. 
Wet 4 
We: 


both membranes and Older hatching. Presurnably the nymphs might 
and adults would also eat the shed also take shelter under other available 
membranes and Occasionally they nymphs can glass birth. 

attempt eat the odtheca and the hatching Data nymphal development are given 
nymphs, the female ejected the sexes moult the same number 
the extent the away from times and the females take longer time 
Some females would turn their abdo- mature than the males. 
mens away from the attack though groups matured somewhat more rapidly than 
the hatching Recently hatched reared separately. Incidental 
crawled beneath the female, even under studies with this species, 
wings, and remained there for about which had been starved for the first tol- 


TABLE 
INSTAR 
3 16.5+ 0.4 % Is. 020.9 22 34 
5 21.9 1.0 2.822 .2 22.2% 1.0 
9 2.8 31 .6=1.% 23.22 2.6 
NYMPHAL 
insects 
TABLE XVI 
NYMPHAL Diploptera punctata 
2 9 9+0.2 16 10 i] 10 9+0 3 12 3+0.4 3 
4 19.1+0.6 15 16 IS 1 
STAGE 


DURATION Days* NYMPHAL DEVELOPMENT INSECTS REARED GROUPS 


Females N> Males N> 


insects. 


. 
| 
A 
rave 
hg 
. 


Norma? NY Regenerated N* Normat Nb Revenerated 
15.507 4 16.520 7 tl 15.7+0.5 26 18: 221.3 12 
LO S200 14 18.7%0.8 11 19.4+0 7 26 19 1 12 
26.11.39 14 23.6=1.0 1} 27 4 26 26 .7+1.2 12 
Moule: wi it te 167 2 5 
Females Nt ‘ Males N 
150#2 ¢ él 121+2 0 38 
standard 
Biparental NX geneties NY Regenerated Nor N 
4 9 5+0 2 10.7#0.3 20 
STAGE 
Moults 22040 P4 | 3 86H Oe 11 
. I 
Femates Nb Males 


. 
\ 
jane 
| 
ese 


lowing hatching were fater fed 
these starved nymphs were delayed approximately 
days (the period starvation) attaining the 
first and last moults. 

surinamensis.—Nymphal develop- 
ment was observed about Observations 
reproduction were this temperature, 
‘but after the females had formed the second 
the insects were removed temperatures 
that ranged from 19°-24° The humidity was 


TABLE XIX 
NYMPHAL DEVELOPMENT Pycnoscelus surinamensis, 


PARTHENOGENETIC STRAIN, ALL FEMALES 


INSTAR AND NYMPHAL STAGE 


3 12.9+0.6 37 12 6+0 4 24 
8 (not las¢ 
(not 
instar), 16 620% 19 
(not last 
instar) 
Nymphal Stage 
Moults 204 


Data reproduction this species are given 
table XIII. Only the number eggs that 
hatched from the first formed are given. 
The insects were moved from the laboratory while 
the second was the brood sac. This 
move apparently induced most the females 
abort their before the embryos had com- 
pleted development. Hatching the second 
and succeeding was very erratic and 
obviously not normal. 

The intervals between hatching successive 
broods increased progressively the females 
aged. This thought not associated with 
the lower ambient temperatures that prevailed 
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during the latter part the experiment because 
the time increased gradually 
brood, whereas the temperature change was dis- 
continuous. The longevity adult females and 
its relation the number broods produced are 
given table XIV. 

Data nymphal development are 
table this species the eighth and ninth 
instars were shorter when they were penultimate 
two values are given the table for each 
these instars. phenomenon was observed 
any the other species. Nymphs 
species are unable glass until the 
instar. 


SUMMARY 


Observations reproduction and development 
tabular form. The studied 
sent three types behavior 
arous species that drop their shortly 
after orientalis, Cariblatta lutea 
folia, Periplaneta americana, 
brunnea, fuliginosa, and Supella supellectilium, 
(2) species that their 
externally shortly before hatching: 
Blattella germanica and (3) species which 
earry their brood until hatching: 
Byrsotria fumigata, Leucophaea maderae, Naupho- 
cinerea, surinameusis, and the talse 
viviparous species, punctata. 

Parthenogenesis was found the following 
viously: vaga, floridana, rhombifolia, 
eggs only floridana and brunnea hatched. 
Only parthenotes brunnea completed nym- 
phal development; all were 
genesis has also been reported for americana 
(Roth and Willis, 1956); the three species 
Periplaneta which parthenogenesis has been 
observed, virgin females australasiae have 
performed poorly. Parthenogenesis was 
not found maderae that were observed for 
ever 
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AMBLYSEIOPSIS WITH KEYS AMBLYSEIUS, 


GARMAN? 


Agricultural Experiment Statien, New Haven 


Several genera are known from 
predators (spider mites), 
phyidae, (gall mites), Tarsonemidae 


groups. few are plant feeders. The genera 


the comparative length dorsal, lateral and leg 

Retention has been eonsidered 
The array structural differences 
given the seems justify separation from 
spite the opinion certain 
many respects approaches more 
than The trend elongate 
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lateral setae ever the genus 

toseiulus, but that genus possesses 


anal plate which more remote from the genital 
plate than any representative 
fall Garmania diagnosed Nesbitt, except 
for the chaetotaxy the dorsum. Muma placed 
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National Museum for making available the 
species described this addition, has been 
kind enough check over specimens with his equipment 
and has offered valuable suggestions eliminated 
many inaccuracies. 

Dr. Muma supplied species tepresen 

Florida descriptions which have been helpful and much 
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his new genus Amblysiella, but 
except for the length one pair dorsal setae 
seems correspond throughout with 
Only species Amblyseiopsis, and 
Phytoseiulus are this paper. 


KEY DESCRIBED AND RELATED GENERA 
plate usually much shorter than 
Anal plate female slightly shorter than wide. 
Peritreme plate usually 
truncate, the chitinized portion extend 
ing far forward Leg whole body heavily 
chitinized 
Sternal plate either than wide 
the same width. plate the female 
longer than Peritreme plate not 
truncate. Body weakly 
Anal plate not remote from the genital, either 
close contact with Six pre-anal setae 
and pores addition. Dorsal setae never 
elongate 
Anal plate remote from the 
sometimes elongate 
Marginal and some the leg set: ite, much 
longer than the dorsal. Anal plate with pre- 
anals pairs) and pores Amblyseiopsis 
Marginal and leg setae not conspicuously longer 
than the dorsal setae. Anal plate 
with pre-anals pairs) and pores 
Typhlodromus 
more than two 
Garmania 
some occasionally 
Phytoseiulus 


rsal setae 


median 

Setae the dorsal ite few, 
elongate 


Descriptions have been standardized and kept 
brief possible. Generic characters are not 
repeated for the most part specific descriptions. 
Measurements body size refer only the 
idiosoma excluding the gnathosoma, 
opisthosoma, 


KEYS SPECIES 
AMBLYSEIUS 
least elongate lateral setae each side 
dorsum grandis 
Accessory parapodals elongate; elongate 
lateral setae each side quadripilis 


only 


PHYTOSEIULUS 
Dorsal setae long longer than pre-anal 
Para-anals front anal plate macropilis 
Dorsal setae 5shorter than pre-anal setae almost 
half way between front margin and anal opening, 
pores almost line 
usual position alongside anal plate setosa 
Pores the anal plate slit crescent shaped 
Pores the anal plate circular, sometimes minute 
Pores and setae the anal plate grouped the 
anterior-lateral corners limonicus 
Pores and setae the anal plate not grouped the 
width 
variation within species. 


shortest length. 
but there some 


margin the sternal plate recessed 
Fig. 
Caudal margin the sternal ite not recessed... 
Pores the anal plate very close the 
slender, Fig. 
Pores the anal plate more remote rom the 
pre-anal setae. parapodals wider Fig 
Pores the anal plate almest far forward the 
posterior pre-anal setae 
Pores the anal plate much further the rear, 
frequently. line with the pes 
terior pre-anals 
Anal plate narrower than the genital sexta 
Posterior fateral setae longer than the body width 
musae 
sherter than the wrdth 
Anal plate emarginate sides tropicanus 
Anal plate not emarginate sides mexicanus 
More than five long lateral setae 
Five fong lateral setae or r less 1 
Six long 
Accessory elongate 
Pre-anal pores almost far forward the pes 
terior pre-anal long setae 
ovatus 
Pre-anal pores much behind the 
anals. Four fong 
Anal plate the same width the genital 
americanus 
plate wider than the genital 
Teeth the chelicerae short 
Teeth the chelicerae large and moveable 
Anal plate wider 
parallel the and not 
the latter gracilis 
Anal plate nearly the same width the genital 
Accessory parapodafs front transverse 


Posterior 


penital 
Primaries 


grandis 


(2, 


longer than the others. with teeth 
fixed arm. Legs with longer setae tibia 
genual and first tarsal segments leg Sternal 
plate with setae each side nearly sep- 
arated. Anal plate much wider than the 
reticulate and with pairs setae besides 
para anals, and pair Anterior 


(Pig 


nearly line with the front margin the 


anal opening. Peritreme plate 
Parapodals consisting one thick elongate one 
Parapodals and genital armature Fig. 

Male not available. 

Measurements. Female. Length O44 
width 0.34 mm., Leg 0.44 mm. 

Habitat. Apple bark, Connecticut. West Vir- 
ginia, apple soil. Digitalis. 


referenees 


the small seta alongside 
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Relationships. This species has wide ana! 
plate and small accessory nearly para- 
podal plate, which differs from 


Amblyseius quadripilis Banks 
Female and dorsals very short, 
posterior dorsals lacking. Chelicerae with 
prominent teeth the fixed arm. Leg with 
elongate setae genual, tibia and tarsal 
Coxae each side practically except the 


first two which are slightly 


not broader than the ventral genital, paired 


parapodal plates, e. metape dal plate. d. sternal plate. 
coxal plate figure turned upside 


far forward the lateral setae. Genital 
armature expanded. Parapodal plates 
conspicuous, pair each side, smaller one nearly 
half long the larger. Metapodals elongate 
asin Fig. the peritreme extend- 
ing not quite the front margin Coxa not 
posterior end and distietly 

Male not available. 

Female 0.420 0.330 
leg lateral seta 0.10 mm. 


from Florida and Mexice. 

Relationships. This heavily ehitinized 
laterals, each side, arrangement 
parapodals, rounded blunt end the peritreme 
plate and the pointed genital armature. 

(7, 1958 

all long, least six them 
very long. Chelicerae with only teeth tip 
fixed arm. Leg with usual setae, that 


face, b. dorsal surface, sternal plate, chelicerae 


anteriorly, with only ene pair pre-anal 
Two pores line with pre-anal 
setae. Parapodals long, slender, accessory para- 
podals indistinct lacking. extending 
truncate posterior end. 

Male not available. 

Measurements. Female 0.41 
0.05 mm. Leg 0.53 mm. 

Male (Muma) 0.30 0.18 mm. 


; 
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Habitat. (From Muma). Scaly orange leaves 
Tampa, Fla. Grapefruit, Clearwater, Fla. 
the U.S.N.M. 

Relationships. Conspicuous the presence 
least long lateral setae and the presence 
only one pair pre-anal setae the anal plate. 
Differs from macropilis having short. 
siella Muma, but owing 
similarity structure, particularly the anal 
plate region, here transferred 


Amblyseiopsis limonicus 


longer than others though not long other 
members the genus. Dorsals very 


Fig. 


two small scapulars; pores Figure 
each with spatulate seta the inside seg- 
ment Leg with longer setae genual, 
tibia and first. tarsal segment. plate (Fig. 
expanded anteriorly with forward setae grouped 
somewhat finlandicus, but the spacing 
between the setae more unequal and the middle 
pair nearer the anterior margin. Two lunate 
setae each side. almost circular metapodal 
plate behind the caudo-lateral angle each side. 
Parapodal plates consisting slender pair 
side, almost needle-like, the smaller one 
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blunt the posterior end, but not squarely 
truncate some members the 
Tracheae each side extending forward 
Genital armature appearance with 
lines radiating from the anterior margin. 

Male not available. 

Measurements. 
mm., width 0.135 mm., leg 
posterior lateral seta mm. 

Habitat. Found orange and 
fornia presumably feeding Tetranyehidae. 

Notes. The anal plate this species 
resembles that finlandicus, 
there noticeable difference the spacing 
the setae relation ene There 


also important difference the length the 
tracheae which extend much farther forward than 
bear conspicuous row teeth not 
The length the lateral setae 
mentioned above and the size the dorsals 


Amblyseiopsis sexta sp. 
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Dorsals fairly short, but longer than 
teeth fixed arm, smaller ones distad. 
panded seta the third segment the palpus, 
mside. Leg with enlarged seta genual and 
first tarsal segment, that tibia much shorter. 
slightly expanded anteriorly, 
stricted middle, with pre-anal setae each 
side and oval pore each side elose the 
middle the anal thick, 
Tracheae the peritreme extending forward 

Male not 

Dimensions. 


. 

1/8 

| 


eccess@gp @ 


face, b. dorsal surta Leg IV, peritreme plate. 


and fern 10, 1936; 
myrtle Aug. 1937; tuberoses Sept: 17, 1937; 
26, 1936; gardenia Feb. 


Texas, lettuce, Apr. 

Types and paratypes slides nos. 

and position heavy lateral 
arrangement the anal plate setae 
far forward, size and shape parapodal and the 


and 


genital 


chitin- 


more elongate than others the 


genus. 


surface, dorsal surface, c. Le g IN 


Amblyseiopsis musae 

Pac 


minute. Seven 
the chelieerae. 


. 


aerali 
plate, 
plate, parapodal plates. dorsal 


genital 


tibia and first tarsal segments gradually 
ing length the order given. Genital arma- 
radiating from the anterior margin. Anal plate 
with pre-anal setae and one pair pores 
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the posterior. Para-anals front the 

gate (cigar-shaped) Fig. 5,e, the smaller accessory 
more than half long, very slender and 
forward seta D1. 

Male. Unknown. 

Dimensions. Female 0.36 0.28 leg 
Posterior lateral setae mm. 

bananas, Haiti and Cuba. 

Types. Slide 44040, National Museum 
collection. 


surface, dorsal surface, parapodal plates, 
erae, e. peritreme plate, f. anal plate, male, ¢g. Leg IV 


Relationships. Characterized extremely long 
lateral setae, the inconspicuous genital armature 
and the very small dorsal setae. Also the 
lunate pores between the posterior pre-anal setae 
and the long accessory parapodals 
half long the primary and set distinet 
angle. Nearest relative aeralis. 


Amblyseiopsis americanus Garman 
(5) 1948. 


teeth the fixed arm the chelicerae. Long 
setae Leg genual, tibia and first tarsal seg- 
ments, gradually declining length the order 
given. Three setae each side the sternal plate 
equally spaced. Genital armature slight, pointed, 


plate with three pairs setae 
each side besides the para-anals and minute 
pores behind the posterior pre-anal and almost 
eigar-shaped (somewhat plate and 
smaller slender one alongside about 
long. Posterior end peritreme plate truncate, 
tracheae extending forward setae 

appendage. 


plate, b. peritreme plate, e. parapoda plates, genital 
armature, anal plate, dorsal 


width mm., leg 0.34 posterior 
lateral seta mm. 

Habitat. Apple bark and leaves, 

Types possession The Connecticut Agri- 
eultural Experiment Station. 

Relationships. Position the anal 
plate (omitted the original description), shape 
the parapodals and the genital armature 
tinguish this species from others. None the 
specimens our collection heavily 
The nearest relative which dis- 
tinguished broader anal plate, longer and 
and striate-reticulate anal plate. 
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Garman: 
Amblyseiopsis mexicanus sp. 
@ 

and Chelicerae with 3-4 teeth 
the fixed arm. Leg with the usual elongate 
genual, tibia, and first tarsal segments. 
Sternal plate with setae each side 
equally spaced. shghtly eval, longer 
ene each pair about long the 
peritreme extending between DI, posterior end 
Genital armature triangular 

Male 


setae on 


‘plate, dorsal surface, « parapedal plate perireme 


less 


anthemum 
from 
June 27, 1937, from 
National Museum 


Brownsv tle, Texas, tnterce pte 


Amblyseiopsis aeralis 


1958 


extending bevend tip Fig. 
with row small teeth the fixed 
arm. Leg with the usual setae graduated 


. 


and 


details mentioned 


frem 
pairs pre-anal setae and pair lurate pores 
between and slightly behind line between 
poster lor pair. P: irapod: eonsistin 
eigar-shaped plate slender one less than half 
ais wide plac ed ata shght or near parallel 
Tracheae contact the peritreme 
plate with bluntly rounded end, Fig. 

Male not available. 

Measurements. Female 0.40 mm. 


one nye 
OF One long 


anterior e1 


plate, b dorse- lateral peritreme 1. ge 
tal armature, ©. patag te, palpus, g. anal 
Wabitat. Florida, several locations; feeding or 
duras, Louisiana. Mostly 
‘um 
Relationships. Characterized by the Presence + 
long lateral setae, the posterior pair equal 
anal plate between the 
setae and almost far forward. Nearest rela- 
tive mexicanus from which distinguished 
the anal pores and the 
the primaries. 
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Amblyseiopsis largoensis Muma 
(Fic. 8) (6, 1955 


about half long the body width.. Leg 


with the usual long setae genual, tibia and 
first tarsal segments. and longer than 
the dorsals and both extending about the same 


12. 
anal plate, peritreme plate, parapodal plates, 
metapodal plate. 


distance forward. Chelicerae with teeth 
the fixed arm. Anal plate with paired setae 
besides the para anals and pair lunate pores 
close posterior setae. Setae beside the plate 


plates consisting elongate oval one each 
side, the accessory plates usually present, very 


Peritreme extending forward almost the 
plate bluntly truneate the posterior end, Fig. 

pores than the the anterior paired 
setae the anal plate, the posterior ones are 
almost line, the pores short distance 
behind. 

0.24 mm. 


Male. 


margin, sternal plate and metapodal plates, 
anal plate, peritreme parapedal plates. 


Habitat. ginger from St. 
eeived Boston Sept. collected 
this species from Key Largo, Fla., lime leaves. 

Relationships. very long and leg 
setae—spacing the latero-ventral (near 
anal plate), together with character the enital 
armature distinguish this species 


Amblyseiopsis potentillae sp. 
(Fic. 9) 

Chelicerae with about small teeth the fixed 
arm. Leg with usual graduated 
plate the same width the genital, 
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Garman: 


pores behind and mesad the posterior 


setae. Pores nearer the setae than 
parallel, the aceessory very 
slender, about half long the primary. 


Trachaea net quite reaching peritreme plate 
bluntly rounded the posterior end, with 
sharp point. Genital 
eular with radiating lines from the frent margin 


Male. Not available. 


Relationships. Characterized almest 
parapodals, the position the anal pores and the 
length the posterior setae which are 


S38 ot. stertie: 


18. 


plate, parapedal plates, 


tnuch than the bedy width. 
pores and the the Tateral 


teeth the fixed arm. Leg with the 
plate nearly the same width the 
with twe posterior pre-anal setae 
side together than the twe 


posterior setae, nearer one another than the 
almost parallel, primary 
armature with lines radiating 
the front margin. 


Nearest 


and 


Type. SPB Fla. 

Bossier City, 


posterior 
bue 


lateral setae, 
anal plate almest net with the 
pre-anal setae. Nearest 
distinguishable the emarginate anal plate. 


SPee tes 


meta 
ventral gland, anal 


sal peritreme plat 


. 
ipod: l 


Amblyseiopsis reticulatus 


erae without visible teeth. with 


elongate setae, that the shortest 
plate striate-reticulate slightly wider than the 
ventral plate. Pores con bly behind 
terior but somewhat closer tegether than 
the halt the 
Tracheae quite reaching peritreme 


ACCESSOTIOS 


plate 


este, 


e 
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armature semicircular, anterior margins with 
radiating lines. Sternal plate 
Male. Not available. 
0.40 mm. Long posterior seta 0.09 mm. 
Type. Slides 501, 502, Neo- 
rama plaigula, Santa Fe, Mex. December 1951. 
Relationships. Similar but 
and the number long 
laterals and the fact that long longer 
than 


Amblyseiopsis septa 

(Fic. 
Laterals all long, shorter 
than the others. total long lateral setae 
including M2. Chelicerae with indistinct teeth. 
Leg with usual setae, that the 
tibiae shortest. least long setae the 


Female. 


dorsal surface, parapodal plates, 
plate, anal plate and surrounding genital 
armature. 


tarsi. Anal with the 
usual pairs pre-anal setae, the pores well 
behind and between the posterior setae, about 
close together the setae. Parapodals indis- 
tinct but primaries long and slender with aeces- 
sories parallel about sexta. Tracheae not 
reaching D1. Genital armature 


Male. Not available. 

0.50 elongate lateral 0.09 mm. 


plants Mexico, F., Laredo. 
Relationships. Closest sexta, differing mainly 
the length laterals 


Amblyseiopsis ovatus 
13) 


Laterals L1, L2, L4, and 
Chelicerae with only few 


Female. 
others short. 


teeth and delicate spine near the tip the 
Leg with the usual long setae but 


fixed arm. 


slightly wider than the genital, striated, 
pores almost far forward the posterior 
anal setae, but nearer together than 
setae. Tracheae just reaching 
plates the posterior mesal 
ends. 
Male. Not available. 
terior lateral seta mm. 
Type. Lot 47-5598 sp. 
from Ecuador Brownsville, 
and the the pre-anal pores, 


Le 


Fig 


plate, dlorsal surface, anal plate, parapedal pele 


Amblyseiopsis oregonensis 

Chelicerae with teeth. Leg with 
weak setae genual, tibia and pre-tarsus. 
plate wider than the genital plate, the 
pores behind and almost 
with the posterior short 
but prominent, accessories half the length the 
primaries. extending forward 
the peritreme plate rounded end. 
Genital.armature semicircular with radiating 
from anterior border. 

Male not available. 

Measurements. OAL Leg 
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Ladine elover, Grants Pass, Oregon, Oct. 
alse from sod, apple 
Yakima Washington; apple leaves 
collected Connecticut. 

Close amerteanus which 
the wider anal plate and floridanus 
well the 


Amblyseiopsis floridanus Muma 
(6, 


Chelicerae with three conspicuous teeth 
the fixed arm. plate than the 
genital, pairs pre-anal setae, the pores eaudad 
the posterior setae, and almest 
short, the accessories about 
angle. Genital armature 
distinetly other species. 
Male. Similar the female but smaller. 
0.22 mm. Male 0.25 0.15 
under 
elesely from which differs, the teeth the’ 
and the wider anal 
tien the shows the presence 
minute pores the anal plate 
and figure. 


hy 


Amblyseiopsis gracilis 


these the postertor verv long, about long 
the body width. Chelicerae with teeth 
the fixed with the usual elongate 
setae, that the genual longest. the ones distad 
shorter. Anal plate wider 
venital, with the usual pre-anal setae, the pores 
minute, almest far laterad the posterior 
setae and behind them but much closer the 
than half long the 
extending forward well between 
end the peritreme plate truncate. 

Male not available. 


number and size the chelicerae 


Ne. Oregon, 


Type. 
29, 1946. 

Relationships. 


posterior laterals. Differs from elong 
has the well the 


parapexdals, 


Amblyseiopsis elongatus 


Fic. 


erae with small teeth. Leg with 
plate with pairs pre-an 
anals and almost far 
widely parated, aceessory set at a slight ob fly le’. 
Tracheae extendin 
Male net 
Orchid 
Texas. 
dis 
considerably front the primary 
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ADDITIONAL NOTES RHYTIDOPONERA CONVEXA MAYR 


Rhytidoponera convexa the basis the following 
notes. These specimens eomprise 
populations eight separate colonies, far 
was possible capture them, and include not 
only the adults but also all early 
larvae, prepupae and pupae. The populations 
individual colonies are follows: 


Number 


Dec. 22, 1954.... 
Dec. 22, 1954.... 
Dec. 22, 1954. 
Dec. 23, 1954.... 
Date not 

Jan. 10, 1955. 

Feb. 14, 1955.... 


This collection offers excellent opportunity 
eto check the results recorded from 
collection (Whelden, 1957) and extend those 
results considerably. The 
contained larvae and only one pupa. 

larvae the present collection include 
examples all instars, far the greater number 
being the two last instars. The greater number 
the larvae occurred singly but there were some 
which were five small very compact groups. 

all larvae, small and the surface 
sparsely covered rather coarse spines three 
distinct kinds. Some slender objects 
which are occasionally quite straight but more 
often are curved slightly sinuous, and always 
pointed apex. There obvious regularity 
the distribution these’ simple spines. The 
second type spine more numerous than the 
first. These are and show great variety. 
Some are divided almost from the very base into 
two long, coarse, nearly equal branches. Others 
are divided only near the apex, where two 
slender diverging branchlets are formed. While 
most commonly the two branches 
nearly equal, not all are so. Unequal branches 
all degrees are found, one branch sometimes 
being more than short acute 
spine occurring any point from near the base 

not far from the apex. 


one far 


for publication Feb. 19, 


(HYMENOPTERA, FORMICIDAE)' 


WHELDEN 
Haskins New Durham, 


spines which one rarely both branches 
fork second time, usually twe minute forks 
the apex. The third spine much Tess 
numerous. these the apex the spine bears 
radiating whorl six eight even more 
divergent, often recurved ravs. spines 
the second sort have one branch (usually much 
longer than its mate) ending verv small whorl 
diverging ravs. <All spines are rather thin- 
walled, the central lumen extending well out 
the ultimate tips. Beneath the base each 
spine, there single verv large cell, 
panied second much smaller one, the twe 
quite the other the 
hypodermis. 

Between the bases the spines, the 
surface the larva studded with rows small 
network. 

might well assumed that the 
groups larvae noted above resulted 
entangling these various spines: doubt 
these play part holding the te- 
gether. They are however, the nor 
even the main cause, for each the groups 
tangle rather coarsely looped fibres was found 
wrapped around and among the spines, 
but never around the bodies the 
fibrous tangle held the larvae together most 
one these groups was tormed larvae 


single size; always there 
usually pairs. The most interesting group 
comprised ten larvae ones, 


presumably first perhaps second instars, and 
two each four succeeding instars. One the 
larvae each pair was invariably slightly larger 
than the other. 

The internal anatomy these larvae quite 
like that found the larvae other ants, and 
for little comment. few details 
noted. muscles the posterior 
the body form very broad bands coarse fibres, 
associated with which are many conspicuously 
large oenocytes. The gonads are verv obvious 
from the second instar onwards and show 
distinctly that they are formed into three 
four clearly defined three 
four ovarioles that will found the 
the smallest larvae, (presumably first 
one only was found formed 
small showing sign separation inte 
other small-larvae, the division inte 
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Whelden: 


the eentral region; and around these 


ellipsoid These small cells make 
very the the three parts. 
gut, near the posterior end 
the smallest larvae, 
showed elearly the extremely slender 
duet extending downward posteriorly end 
gear the anus. 

the several eggs found one 
gearly found, which the 
composed evenly grouped rather large 
eggs are either newly laid 
stages development. 

One would use the pupae for study 
ergans that adults, for the the 
thick brittle chitin makes very difficult get 
net attain final form and 
eases after the adult has emerged 
well 
the anatomy the pupae. 

One. fact about these pupae does seem quite 
haps three) parasitic organisms. 
definitely rare here, for the 165 

portion the gaster among the rather large 
that there. One the parasites 
early larval stage, segmentation 
very but organ formation showing 
rather coarse digestive tube. This 
transversely the long axis the Develop- 
the second specimen has reached much 
head, therax and abdomen, 
ed; appare ntly there will be three pairs 
the part the gaster 

The parasites forming the patr are 
arthropods, being quite large 
apparently mature very the 
ether less mature. This 
the antertor part the front 
the brain, and above the 
greater than that the host indeed, 
the latter obviously displaced frem its normal 
the enlarging parasite which extends 
from one side the head the other 
posterior wall the parasite presses 


attention 


the laver the host over 
parasite sunk inte the at-body and 


the hest pupa. The development 
sufficiently advanced shew clearly 
dense laver rather coarse which are 

the parasite 
remely thine 
two distine 


wall, 


h 1¢ he 


pressed the surface 


The abdomen very 


the wall 


the ely fills 
abdorm 
men quit es 
ot the 


mall area 


excepting 


parr of parasites 


and measures 


It s entire sur- 
mandibles, 

Tay er at 


narrow 
oceurring 


the abda 


the the 


anal 


This parasite 
Ri: viido pon 


tissues 


ghos 


But internally, organ 


hike The enttre 


) 
adult 


had 
inside the prepupal outside the 
pupal wall 
third patr parasites, such 
pupae, which complet 
that there was 


within the These 
pup 
being verv clearly 
The absence the 


(2 \ dive TS1OTIS 
lere No 


rules out the 


that these are 
ern allv. the Mast con SpIewous fea . 
well-detined flight forming 
and the gonads the 
with about 
two individuals 

alse show slt 


org ans 


from 


Shad 

layers cells. The outer laver, the 
thicker and formed of smaller cells, : 

the 
bde- 

| 

al tube 

mm. long and 2.6 

3 

mim. This pupa was formed 

far external structures were concerned, the 

parts, antennac and leys all being well- 

wer 

are 

rete 

Vhes« are 

ttl 
pupae 

are the 

tter 
‘el 
veloped 


equally developed. Whether these are 
sidered true parasites, for the 
remain question 

This present study SOO adults all 
details given the preceeding note. does 
give slightly wider range measurements for 
some parts, but ease this more than 
percent. One correction, perhaps better one 
noted that the mandible was full fat-cells; with 
course the usual nerves, trachea and hypoder- 
mis. This not always the this larger 
collection there are many 
recently emerged (no eallows were found the 
earlier collection). the mandibles these 
callows, there are many large 
sumbably these will gradually since 
they are seldom present older indi- 
viduals. present there are 
also many individuals which are considered 
very old. these there little cellular tissue 
the mandibles other than the thin and 
the nerves. Most the volume filled with 
haemolymph. 

The callow specimens this present 
show clearly feature not found all 
very vague form, feature whose absence caused 
some concern during the previous study. The 
two poison glands are about equal size and 
extend anteriorly more less parallel one 
another beneath the intestine-reetum wall. One 
these glands has very much wrinkled wall 
which very few nuclet 
studied here, twe very branches are 
found extending from the anterior end this 
gland: one these branches seems usually 
extend forward least the middle part the 
first gastric segment, and lie the 
chitin wall; the branch extends forward for 
short distanee, then turns backwards end 
not far from the region the 
These two branches are quite tortuous and may 
occasionally form tangled masses about 
the apex the With 
increasing age, these branches seem gradually 
decrease size and finally disappear eom- 
pletely, nearly so, for one 
note small masses dark-staining material which 
appear vestiges them. Certainly, the 
anterior end this gland usually shews elearly 
that branch present. 

The cells forming these branches 
irregularly objects, each with 
moderately large spheroidal nucleus. The branch 
has clearly defined central lumen, but often 
there irregular cavity resulting 
failure the surrounding cells meet the 
central region. these branches 
measures 

The antennae Rhytidoponera but 
points particular interest. 


trons the flagellum show that the 
elements around the- 
exceptions are the Champagne-cork organs 
Forel and the flask-shaped organs these 
two elements are few number, and 
narrow sector the apical segment and even 
smaller numbers the subapical 
ally two may found the seg- 
ments. Quite are the ele 
ments Berlese (clubs are. 


absent from the first two segments the flagel 


ring seven nine thin-walled clubs 
diameter, usually above the middle the 
segment. the there are 
often two such rings, least the outer halt 
the The apical segment has four 
five such rings, more less equally spaced from 
base near the apex the these 
elubs have rather narrow rounded apices, usualls 
turned rather conspicuously upward. wall 

Associated with these sensory elements, there 
with each group, the outer end, there are 
several noticeably larger seme these 
are and others are 
Fine nerve fibers pass from these out inte 
cells form under the entire surtace 
each segment the flagellum 

were found the parts the 
segments the antennae these ants 
three segments the flagellum 

Sperms were found seme 
ene the colontes considered 
noted that the presence even very small 


number sperms recorded merely “sperms 
the individuals. number 
some, the was completely 
dense mass sperms; the mass 
sperms was large but the sperms were 
loose groups; individuals, the 
tetal number sperms was 


sperms shows many which the sperms 
Possibly the first the state 
short period after the sperms are the 
irregularity then gradually. established 

viduals varied the several 


. 
. 


the and the highest 
ber and had the percentages 


that February and that February 


These figures suggest that there 
tnerease the number sperm- noted the smallest found 
any definite season 


large numbers mature everi larger numbers 
fewer mature eggs but large numbers 
full-sized the egg mem net 
neteworthy this and show the 
correlations the colony collected on December 
22, with containing sperms, had 
with mature that the following 
sperms, had with mature the 
January 10, with with sperms, 
had ‘ with epgs; and the colony collec 
February 14, with with sperms, had 
with eggs. Seemingly there slight agree- 
large ball sperms have few eggs 
all, while another with 
many that much the gaster 
seems tilled with them (an terior, above, beside 
and the stomach, they are present 
and sperms. Such prolifie num- 
Usually there are 


very 


hers ot CYS are 


whatever Some the latter 
old 


worms the adults. These worms 
The number individuals varies the 
several parasitized: the cole 
velleeted January 10: 37.5% that cellected 
The colony whese date net knewn 
parasitised individuals. (In 
was found with worms.) 
worm with diameter less than 
manner the parasite enters the ant 
larva here showed total adults, 165 pupae and larvae 
the anterior half the gaster above facts exten 


ar 


males were 


SUMMARY 


cails were almost tnvariabl gmMents 
and in ne case fern I 
ae entangled compet Irregular 
aalmest the gaster of he worm 
and reduced 
Nave the region of entrar 
tubules and the evariol the 
aS. vartoles, which for 
ime seemed to be uneffected } whicn for 
te Et eted by the para- 
ay tructure te snow 
» be the fat-hed: med 
hee ety tat-bedies and Senoevtes at 
amined large auevtes latter COf- 
iventyalls all ite contents 
Be ated th, Usted, the 
the last the postenor end 
r tna he tnattre Celle 
8079" 
. : n ase iD ver 
wre? with the par Were 
the the great thorax and 
the greater part its bod) 
the Steer ee ave 
nnd with the par ionally, an ant was 
tne thorax and mto et neaG 
eemed to be entirely ¢ 
Mead at the time t} ntirely tn the 
A 
‘he | 
| 
BN 
ae 
e x 


some occurred singly and some 
groups. All larvae were armed with spines 
three kinds: some simple, some once twice 
furcate, and some with radiating branchlets 
the apex. was partly due these spines that 
the groups were maintained: but more im- 
portant cause was the presence entangling 
skein coarse fibre. 

parasites—one small arthropod found 
posterior part the gaster, the second large 
hairy mite occurring the head the head 
region. were also two pupae, 
apparently exactly like the others, but they are 
insects and are definitely net 
lacking any pedicel. 

The callow adults show the 
rather conspicuous branches extending trem the 
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apex one the glands. branches 
seem lost the ant gets few 
being found the adults 

The anatomy the 
briefly. 

Sperms and mature nearly mature 
between the presence sperms 
mature eggs, nor does the number 
containing adults reach maximum time 

Parasitic worms are found the adults 


REFERENCE CITED. 

Whelden, Roy 1957. Notes the 
Rhytidoponera ECONVENG Mayr Foret.) 
30: 271-82. 


THE ORIGIN THE EXTERNAL GENITALIA INSECTS' 


MATSUDA 


INTRODUCTION 


recent morphological study the abdomen 
machilid and the writer (1957) 
found strong indications that the external insect 
genitalia are sternal origin, was maintained 
the currently accepted theory that the genitalia 
are modified limbs. The present essay 
attempt investigate these indications further 
through search much pertinent literature 
possible, determine how well 
original idea supported. also attempts 
discover how and why, the genitalia are 
sternal origin, this theory has been neglected 
recent years; or, the limb theory the origin 
the insect genitalia can justified, how seeure 
are the grounds which rests. The present 
survey, therefore, secondarily search for the 
sources confusion and discrepancies, 
the problems involved therein. 

Before entering into discussion seems advis- 
able clarify the usage some morphological 
terms employed this paper. The term gona- 
Snodgrass’ textbook (1935a). One reason for 
this the need for repeated references the 
older authors who used the word this broader 
sense. used here, the term gonapophysis 
not necessarily restricted the endite the 
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but applied ventral reprodue- 
tive tubercle extension the body surface 


forming the the female 
phallic including the 


phallus, the male. Terms employed 
ous authors are used here they appeared 
their papers. Some these are 
more commonly used equivalents parentheses, 
while others are explained elsewhere. The more 
important these are the following: 
valves represent the gonapophyses 
the eighth segment the female and are the first 
valvulae Snodgrass; the valves 
are the gonapophyses the ninth segment and 
are the third valvulae the 
are also the gonapophyses the ninth 
segment (usually with the 
the eighth segment) and 
second valvulae 

The writer wishes express his stneere thanks 
Professor Charles Michener the Univer- 
sity Kansas and Professor Leigh 
the 


ABDOMINAL APPENDAGE RUDIMENTS 


Since the embryonte abdominal appendage 
rudiments the eighth, ninth, and tenth seg- 
ments are thought give rise the external 
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knowledge 

The abdominal append- 
ages with the legs 
has been divided both their 
The issue has centered especially the 
and tenth have reported 
that these appendage rudiments give rise the 
the female and the organs 
(paramere and pents) the male. 

that the appendage rudiments the and 
segments give rise directly the anterior 
and valves (first and valvulae) 
the female, while the valvulae 
arise from the tenth the male the 
appendage rudiments the tenth segment dis- 
appear late life, but probably give 
rise the Else found that 
Melanoplus Orthoptera) the append- 
age rudiments tenth abdominal segment, 
after forward migration above the ninth segment, 
rise directly the male phallic organs. 

sects show that appendage rudiments appear 
logical study said that the appendage 
rudiments the segment are reduced 

life and probably disappear, and 

the appendage rudiments the ninth segment 
rise the lateral valves (third valvulae) 
the ovipositor the female; the male the 
the tenth segment later fuse with those 
the ninth segment, and these together produce 
the male The appendage rudiments 
anterior eighth segment disappear 
except for those the segment which are 
showed that Stenobothrus the eighth 
abdominal appendage rudiments 
those the segments have disappeared, 
but did not study the develop- 
ments the genital segments Mantis, 
rudiments seems have been observed only 
these studies the species 
and 

showed that appendage rudiments 
except for those the abdominal 

Among holometabolous the 


has been recorded Lepidoptera, 
Trichoptera, leoptera, and Neuroptera. In 


<4 bee (TSO) 


observed them on all abdom sey 

and Burger feund them only 

they were seen stages 


embryonic development. 
appear segments, 


egs 

are appendage rudiments 
second to the tenth se gments 
enter the formation 
walls of the abdemina 
found the first the nin 


segments. 


he 


Graber wrote that Lina 
aceording 
appendage rudiments occur eleven segments 


weak segmental structures hard] 
the name appendages 


tenth segments, and they com 
later except for these the 


segments, 

So weak and ephemeral are the nl 
abdominal appendage rudiments 
that Graber (1890, 703) found 
first, state whether 
have continuous 
and, second, even grant 
nature, determine 
whether 
although the 
disappear are not 


vestiges remaining latent for time 


reactivated later, the form 
legs. Friedmann shed more light 


point. She showed that 
equal value 
segments Chaerocampa and 
those the fifth, sixth, and 
continuous developmental process. 
abdominal legs the 
developmental processes as 
thev should regarded 
The appendage rudiments the other segments 
are vestigial from the beginning, and disappear 
during the later part 
obtained 


development. 


He 
i 
there 
the 
3. 
nat tney 
fro philus 
Gro pain 
; 
VY warranting the 
ret 
Wwiletel 3 
pletely disappear 
ay 
ninth and tenth 
pela 
brvonte 
doptera 
Ossible, 
anlage 
not 
r not, 
IGICULar 
it state 
Ae ondary. 
te Liledl 
endages 
— those 
arval 
thts 
1 thi 
‘ 


Thus the appendicular nature the 
abdominal legs seems established; but, 
Lina, Sphinx, and Bombyx before the develop- 
ment the The hypothesis 
and Heider seems offer the best 
this. 

Neuroptera, 


Pieris. 


Trichoptera, Hymenoptera, and 
Coleoptera, where more conspicuous larval legs 
occur more segments, there seems 
doubt that they are true appendages homologous 
regarded recent works. from Snodgrass (1931) 
Pryor (1951). Hinton (1955), however, believes 
that the larval prolegs are develop- 
ments. spite his evidence supporting this 
contention, the works 
nineteenth century abundantly 
heterodox view dismissed for the present. The 
hypothesis Korschelt and Heider least 
important alternative explanation the origin 
larval prolegs. Hinton apparently failed 
refer this hypothesis. 

Patten showed rudimentary appendages 


le ‘gs. 


the anterior three abdominal segments 
found that the filamentous abdominal 


Sialis (Neuroptera) develop 
dominal epidermal thickenings which arise from 
appendage rudiments, and that 
gills Ephemera (Ephemeroptera) have similar 
origin. Heymons also showed that the 
stvli Lepisma (Thysanura) arise from append- 
age rudiments. 

clear from the foregoing review that there 
are appendicular anlagen the which 
might later give rise the external 
least Thysanura, Ephemeroptera, Heteroptera, 
Neuroptera, Hymenoptera, Trichoptera, Lepidop- 
tera, Coleoptera, and Orthoptera (except 
tidae and might suspected 
that the embryonic rudiments, after the lapse 
latent stage, reappear the eighth and ninth 
segments gonapophyses. That this suppost- 
tion highly improbable will shown 


discussing the origin the female genitahia. 


THE CONCEPT THE ABDOMINAL STERNUM 
The presence the primary sternum 
has long been and the appendage 
rudiments have always been observed either 
side it. Heymons (1899b) elaimed that the 
abdominal sternum three parts. 
the median twe lateral fields, this being 
the primary condition. found the median 
field associated with the formation the 
segmental ganglia, while the lateral fields tend 
pressed the flattened appendage rudi- 
ments. Haase (1889), who first elucidated the 
presence the primary sternum, thought its three- 


the basis comparative anatomy, 
also the three subdivisions the 
the Hexapoda, and with 
that the fields the 
the thorax and the abdomen 
Ford alse observed the the 
and Ephemeroptera. She thought doubtful that 
the divisions are primary. Roonwal tound 
the three divisions the the 
Locusta, from the mandibular segment the 
tenth abdominal and satd 
the lateral fields bear appendages. The writer 
primitive the well detined sub 


til 


eoxa adjoins externally the well detined 
and between these twe sternal apophys 
arises the sternal 


may represent the lateral the 
primary sternum 

What emphasized the presence 
the abdomen the sternum, which 
eceupies considerable space midventral 
portion the abdominal segments. Recent 
workers have tended negleet the 
this primary sternum, due will shown 
the preeonception that the modified abdon 


along the midventral 


presenee aot 
later) 


minal 


ments). -Grasst Haase and Pev- 
toureau alse that 
pophysis ectodermal development 
(1896-1899) was the propenent 
Insecta. Primarily result his 
studies, maintained that (1) The gonapophyses 


each 


the eighth segment valvulae} 
ninth segment the female arise 
median field the primary sternum; (2) The 


genetically and are displaced the 


> 
j . 


erate the female during the course 


mMents of 


et deve lopment: also, the abdominal appendage 
(Thysanura), the and being ‘the rem- 
nants of the Genes legs; and the tracheal 


Ephemeroptera and the filamentous gill 


nhange 


that arise after reduction the remnants true 


ually arise after the appendage rudiments have 


disappeared more precisely, after they 
gone to form the lateral ventral plates ot 
Thus, 


view place the theery that 
abdominal appendages homelegous with the 
thora le (Ga INGO: P kard, I: 
Wheeler, Ganin, Kraepelin, and 


Dewitz referred the ovipositor anlagen under 


the general term “‘Segmentanhangen, 
them 
with the legs but 

not established even then that these 
ages 
eceurring the 


good reasons 


26), commenting 


sexual 


from the appendage 


embryve. 

{Locustidae. Orthoptera ) qust before hatechin 
dises found the appendage rudiments, 
said that the gonapophyses are therefore 
tera), tried supplement obser 
rom the appendage ad- 
mitting the same page that mere fact 
that these appendages dises 
net evidence their home- 
not state whether tmaginal are 
explain thts suggesting that 
appear the embryes Locustidae 
before appendage rudiments dis- 
the appendage rudiments have 


This precocious appearance the 
gon apophy VSes, aceordit y to Hevmons and 


toureau, obscures the actual alr 

eates that the a ts oO the 
appear after those of the gments have 


ments represent 

TUCIMENLS a Hou 


le ApPPper 


3 


apophyses 


the rameres some Gleoptera, 
Hevmons and Borner Taxon- 
| 


ean mere roperis be tnte reted tn secos dary, 


- 


eee 


other, 
approaches fee the Ver- 
the 
was based es, when 


embryological evicde4nn 
shot Id be given at 


evidence 
that 


i Ne 
‘ag, - 
accurrenee. 
ee: denied this ortgin for the gonapophvses. 
This disagreement stemmed from 
es their coneepts of true appendages. sievmons . 
Be saw the true appendages as the structures arising 
from the primary limb rudiments 
lagen), and regarded Them as homecqcvnamous wrth 
denmition real Segmental appencdages are struc- 
— tures with at least two segments that can be 
ee . 1 . 
moved DV at least one musele. segmental appengd- 
ages which lack these characteristics being either 
reduced true appendages which have 
never had these attributes and are evolving toward 
parameres these higher groups insects 
ry . 


The ein principle, which 
Verhoeff cx ympletely lacked confidence, holds true 
for many structures, especially when are 
cerned with morphogenesis which the 
ectodermal cells are involved. rudiments 
the thoracic legs always give rise the thoracte 
legs. Objections may made this approach 
the hght dazzling results experi- 
mental morphological studies, such homoeosis, 
which indicate diverse potentialities eetodermal 
cells morphogenesis. But are 
with probable morphogenesis under natural 
ditions, not with the potentialities possibilities 
which are the experimental morphole- 
gists. Homoeosis may possibly 
macroevolution but, while 
insects, the ein method still 
good, reliable one retained for the study 
homology. The this method will 
further increased with improved 
knowledge the tissues involved the morphe- 
genesis certain structures. 

Verhoeff (1902, 73) his 
the following scheme: 


Lepismidae and 


abdominal segment: gonocoxites, 


lsegment: 2 gonocoxites, telopodites 


Sth abdominal segment: 2 


coxosternum 
telopodites 


(Machilis or 
(Leprsma), 2 


gonocoxites 


B. Pterygota 


with or without 2. tele 
podites 
valvulae 

with 
eoxites, never with 
sternum; with without 
telopodites (posterior 
positor valvulae 


9th abdominal s 


eoxosternum, 2 telopodites or 
syntelopodite, 
telopodite 


Sth abdominal segment 


(alwavs? 
parameres oF 
(present or 


9th abdominal segment: 
telopodites, 


theory was aceepted with but 
modification later workers, notably Borner 
(1904, 1921), and Crampton 
his series papers. Crampton’s work, 
will suffice here say that actively engaged 
searching for the supposed ancestral biramous 
limbs insect genitalia. The limb 
origin insect genitalia thus became established 
almost the point where great majority later 
workers, consciously unconsciously, 
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make observations fit this 
workers, far the writer aware, whe 
defended theory. 

historical review that the origin 
had been well founded works 
time the evidence the 
appendage rudiments give rise 
genitalia was supplied his werk; but 
has been indicated Pevtoureau, 
remembered that was based 
the comparative anatomy 
dence then while theory 
the sternal origin the was based 
Considering the seems 
worth while examine the works 
and see which the twe 
theories better explains the origin the external 
genitalia 


and Cragg (1922) the development the 
very convineingly, these 
eighth segment produces the antertor 
and the ninth sternum 
differentiates into central 
and lateral ratsed areas which become the 
tion, either side the middle line are 
seen two flattened the rudiments 
the bases the chitinous strip the 
gonapophyses. These processes, have 
seen are near the middle 
margins far the side; this which them 
lateral portion the ninth have 
already seen that originate 
from the median depressed area.” 

show the three divisions the 
nymph, and alse show that the 
arise from the median field the sternum, 
the narrow strip the base the 
which the ramus taxonomy and 
the homologue the valvifers orders 
insects, arises from the primary 

The sternal origin the valvifers has been 


° 
Sth 
— . 
¥ 
Hae 


tera, Zander (1916) has shewn 

(1942) tor and Vespula, that 
valvifers represent remnants the and ninth 
sterna was the reached 
sibility that the valvifers coxosternites 
This interpretation 


fea 


unfounded, since apparently 
the same page. Snodgrass 
served that the valvifer arises 
from the sternum, and admitted that 
had make this fact fit with the 


from them. 


That the are the sternusn Orthop- 
tera has been asserted by Walker (1919, 194-4) 


that the first valvifer from the 


rot the ninth segn lent shy be 


that the val 


sternal 


ture with the clearly defined eighth 
sternum, which bears the first valvulae 
has also the same paper that 
the limb concept the origin the 
greet VseS8 d repli ied it by He ymons “theery 
direet homologies both external structures and 
are possible between the female 


genitalia Thysanura and those lower groups 
and these lower neuropteroid forms 
the valvulae are connected 
and Matsuda that the valvifer 
secondary development which has 
its highest degree Orthop- 
tera, Hymenoptera, ete. 

The studies cited above show clearly that the 
out that they have been interpreted 
parts the coxites purely theoretical grounds. 
the valvifers which are 
regard the the endite the 
appendage rudiments had reappeared, after lapse 
stage and migration the sternal 
parts the and ninth segments. 


two assumptions, namely. the reactiva- 
tion the rudiments the gonopophvses and 


derive: 
that the 

I: was 0 


the struct 


poet 
two 


t coxttes of 


alene are differen 


ae 
from them some 
Hal 
absence 
valves during the firs 
statement clearly that the 
Ma recent 


the 
156) that 
the 


steriorly 


thicker and appear 


the ninth segment 
and Tettigonndae. In these famslies the gona- 
pophyses seem much than 
other groups Orthoptera 

also that the postertor val- 


. 
pophyses Thysanura. When twe structures 
same segment, the structure can 
appendage rudiments should 
n reappear later as the gonapopl CS. 
gqabeve tnat <ulferent times | 
WidS err ILO T ace . ale 
. 
age rudiments. interesting see how 
after 
embrvological evidence then said 
| All these facts show us plain 
the first anlagen the 
dages ang of the genapopnyvses belong 
also. The former are purely 
Nature and are demonstraple on aquring embryv- 
ome the are first established the 
Vaivulae . statement means tnat the 
which are remnants the appear 
while the antertor and 
Mal the Mistars tie said 
to represent the appendages 
an 


vulae (second valvulae) from the minth 
tera they persist only the male, disappearing 
the female during development. The 
lateral (third valvulae) are displaced 
posteriorly during the lite. 
Roonwal (1937) stated simply that the ninth 
female Locusta the upper (third) valvulae. 
Michener (1944) thought that the third valvulae 
are homologous with Thus there 
great diversity regarding the origin 
the third valvulae. 

and this group the development 
confusing. Therefore his work 
sidered Jength here. The valvulae 
always appear later than the third valvulae, and 
the latter 1942; George. 
seem show this especially 
though interpreted the and val- 
vulae coxites theoretical grounds. the 
second and third have the same origin 
(though did tndicate clearly), 
they should either sternal Their 
sternal origin strongly indicated, has 
been shown this paper. The musculature 
associated with the third valvulae, and that 
the stylus also, seems indicate that the third 
valvulae are sternal origin. When present, 
the stylus muscled from the coxite, and 
this constant musculature recognized good 
morphological landmark identify the stylus. 
The third valvulae are never muscled the 
coxite, but usually from the ninth tergum only, 
though Snodgrass .(1935b) that Dis- 
sosteira they are also basal 
sternal origin. Sinee the clearly 
indicates that the and the third valvulae 
are different origin, the only probable origin 
the latter the sternum. The external strueture 
associated with the third valvulae alse suggests 
that they are the sternum. The second and 
third valvulae are usually connected with the 
valvifer which sternal, and therefore are 
likely have the same origin and sternal 
structures. 


ORIGIN THE MALE 


the question whether the external 
genitalia insects are appendicular origin 
fiot, workers have been somewhat less definite 
than for the female genitalia. Wheeler (1893) 
found that the tenth abdominal appendage 
ments Niphidium move the posterior 
margin the ninth pair (p. 121) and disappear 
(p. 118), but thought that probably 
appendage rudiments the tenth segment have 


migrated the ninth segment form the male 

Zander (1900, 1903) the founder the 
modern concept the the male 
development Hymenoptera, and 
Lepidoptera, and results (1905, 
studied the genital appendages arise from anlagen 
precisely the same value. The 
are seen “(1) the anlage 
nvagination (genital pocket}, variable 
the development pair primitive 
(3) the each tubercle 
into lateral and median one; (4) 
the formation the pents from originally paired 
The most significant here 
discovery the division each genital lobe. the 
resulting median parts these then fusing 
form the while the lateral parts become 
each these lateral lobes divides 
further inte twe lobes. They are the inner and 


valve and clasper, respectively, taxonomy. 

These structures together should correspond 

the parameres other orders insects, 

(1942) contended. should noted 

that Zander found that the male 

always arise from tmaginal dises the 

studied. 

remarked, the absence evidence for the 
appendages the male are more 
derived from segmental masses than those the 
female, and said that entirely different 
tion for these two sorts structures 
the majority began adopt the 
theory the origin the male though 

Michener (1944), and others, have regarded the 
male derivatives the ninth patr 
abdominal and with the 
terior (second) valvulae the 
son (1950) tried derive them from the ninth 
segment, and the with 
This the same view 
that Silvestri (1902), contended that the 
everted. Gustafson, apparently 
(p. ampullae the tenth 
appendage rudiments form the 
both male and female and phallus the male,” 
but gave grounds for this positive 
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that the 
part the ons, 
Snodgrass. ‘ the 
rudiments the accessory (Else, 1934; 

Nats has also pointed 


the does 


everts sacs ana wit 


the twe 


Ted 


and 
This while beautiful 


are 
the coxal 


(1950) has tried to derive 


all inseets from the 


UsIons were reacned sole! 


the basts developmental studies the male 


as the morphol the adult ext 


SEAS male external alta are 


derived from the segmental limbs throughout 


above diserepaney 
which 


Dupu ts based his ceantention 


study of postem 


tenth abdominal appendage 


the ninth ent during development, 
the base the paramere), paramere 


dises are formed or net. These were 
many times workers the nine 
thing which the present 


formation the male might have 
dises which give rise the 
doubts: Blattidae there three dis- 


\ 
was suggested tha he appencages OF the 
tive. tenth segment che 
nh ove oe 


(which was alse the tent 


i 
mtention, showed at 
external genitaha first 
arva ne ventfa 


Whe hey fe {wer lobes of 
growths of the genttal segment that might fe 
appendage rudiments tenth abdominal 
4 segment It any ease I: see's work is not fr 
Pram «outst 
| A otnet sto whien 
to serious doubts and reinterpretations Snod 
Us Ne Jarva thea ake neo part tn forming 
whnese Te presen? ¢ 
t i 
the same tin 29) 
he verter of the nimth segment 
ip avoid Dupuis refers to a part 
ey 
@ +) 
{fle Male 
the same paper Graber 
3 2 cop Pp 
sive wor ring lar 
‘ ale Ne Presenese the tenth Pdomtnal } 
also shows that basal parts the 
appendages are formed from the mene? 
} Worth arriere at urgecr |S! ! ; 
remarked (p. 340 Never sve Dee: ble 
ae recognize clearly More than two pairs of abdor ] 
appendages, and ot tndeed on the third and 
tentn segment whnicn wowld give rise to the mal 
4 ot MS Til Tt 
the ninth, and that togethe thes \ee eh 
) 3 ] 
aedeagus and its ducts and ducts 
Reonwal S work, NoOwever that et ] 
3 
are ortgin but are de- 
from two segments, and thus does not lend 
t 
abs eat? ter 3 
fhean be entertamed as for plies 
the 
11st 
the rudiment 
appear 
conjunctival 


tenth segments. the prepupal stage 
rudiments appears independently the 

nth venter, and gives rise later the sub- 
plates. The independent 
tinuous developments two pairs rudiments 
from the same segment led Sharif eonelude 
that one pair genitalia rudiments) should 
belong the tenth segment, the ground that 
these pairs represent biramous limbs the 
parts each should not have independent 
origin one after the other. 
Heymons’ theory for that the limb origin 
genitalia, Sharif’s findings interpreted 
Since the genitaha and appendages 
the ninth segment where Zander always found 
Dupuis, ean reinterpreted the same manner 
that Sharif. 

Dupuis also thought that the terminal ampullae 
which lie the tenth abdominal appendages are 
closely associated with the formation the male 
was mentioned previously, 
the ampullae are united with the 
duct form the accessory gland. The ampullac 
and the appendage rudiments are quite different 
relationship between them, Gustafson 
pointed out. series Heymons’ works, 
Dupuis indirect evidence, used 
support his theory. favor Dupuis’ 
ontention, Ford’s study (1923) the musculature 
associated with the male genitalia orthopteroid 
insects indicated that the pseudosternite belongs 
the tenth segment, but this work did net refer 
the nature, appendicular the 
phallic organ. 

that Dupuis’ contention lacks enough supporting 
will noticed alse that the works species 

the male are appendicular origin, 
while studies made other inseets 
same observation was made the discussien 
the female genitalia. studies (1900 
1903) consistently showed that the phallic lobes 
arise from the hind margin the ninth segment. 
Mehta’s aceount (1934) there 
nothing suggest any possible relation the 
primitive phallic the larval appendages 
the tenth segment and this 
Hymenoptera. 

Taking the female genitalia 
the same time, the overall indication that 
the tenth abdominal appendage rudiments have 
nothing with the formation the male 
external genitalia. evidence 
which has always been found Locustidae and 
Tettigoniidae, specialized families Orthoptera, 
open serious doubts, and has been variously 


. 


and the present writer this paper. 


Snodgrass (1937) surmised that the 
phallic organ independent product 
the genital integument around the mouth the 
abdominal appendages. really honest 
impression that get read the 
male only. However, the 
the mode development the male 
and the valvulae the ninth segment 
and third valvulae) the female, seems 
suggest that the two sexes they are 


structures the same 


CONCLUSION 


From the foregoing apparent 
that the evidence regarding thé 
that the external have 
found only developmental studies 
and has been questioned various grounds 
several workers. evidence has been found 
ether groups Orthoptera (such Blattidae 
and with what has been 

should that the primitiveness 
Michener (1944) indicated that the male genital 
structures are more primitive Neurop- 
tera than supposedly primitive 
Orthoptera. Matsuda (1957), already 
has shown that the female genitaha 
with these Neomachilis both 
external structures and musculature 
The subcenserously aceepted tmpres- 
are standard possessing all primitive 


structures among forms long 
tenable. Moreover, showed 
that the Lepisma 

ent from the appendage rudiments 
few contradictory data from the embryology 
eertain orthopterous groups alone are 
the baste prinetple, even thes 

are confirmed. 
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NEW DATA THE BIOLOGY STILBOMETOPA IMPRESSA 
AND LYNCHIA HIRSUTA FERRIS (DIPTERA: HIPPOBOSCIDAE 


Department Uni 


speectal importance since these tlies have been 
(1930) that hirsuta was 


Her 


i 
presse alse as a veetor. 


(144 

WOTKh 
the quail Hip- 


exception 


READS UND! Mb 


solely from californica 
(Shaw and Nodder), the 
and californica brunnescens 
subspecies californica (Shaw 
the California Quail, and quite 
ite between the twe. For 


two subspecies are se closely rela 


4 


found the works 


Miller 


Detatls on these quail 


nell and 


and the genera Stilbometopa and 


rger the two having wing length 


hirsuta (Fig. has wing 
taxonomy of these flies see Bequaert (19538, 1954, 
1955 and 1957 

each summer were spent trapping 
lecting the flies from them for colonizing purposes 


Collections were made twice day from 


The data paper have been taken from thest 
ubmitted partial fulfillment the requirements for 


sitology the 


Resear Pella Natienat Institute 


ot Hea 


pro of, rtable insectar 
from each 


-?)? aw)? 
were 
net 
st 
ye 
quail 
e resultan’ 
leave the 
birds and mal the 
VET 
+) 
Ives t the 
. 
rate 
used for 
tield 
( 
bat Tt 
attributed the ease with which 
eapture the smaller and the 
RESULTS AND DISCUSSION 
ai 
The findings indicate that there 
distinet the geographical distr 
butien of impressa and I witl 


; 
the traps (morning and evening The trapped 
quail were piaced itl) MV-preot Cages a 
brought back the field station where 
the flies were 
were placed mto she 
vials mm. wide ong and thee 
plugged with screened corks. Wooden racks wer 
were later re-placed the Dut the 
has been done turther details transporting live 
| 
ig 
fornia 
a 
and N 
butte te 
and Emlen and Glading 
= . 
C; 
. 9 
| 
tet 
. 
. 


te 


State the ten trapping areas 
this study (Fig. there were seven which 
one the two species flies predominated, one 
area which both species were present about 
equal numbers, and areas which neither 
fly was found (Table flies have ever been 
recorded quail San Francisco County and 
one were found during the current 
Alameda County flies were taken during the 
writer’s trappings, but flies have been recorded 
this area. Their absence this time was due 
doubt the fact that trapping was done very 
late and very early the season, when there 
paucity flies most areas. 

Although 165 quail were trapped the Hunter 
Liggett Military Reservation (Monterey County}, 


TABLE 


13, 16, (Tarshis, Herman and 
June 13, 1949 (Tarshis and July 
15, 27, 1949 (Tarshis and Hightower); Aug. 
Santa Cruz County, californica 
tower). Cedar Canyon, Cook 
23, 1949 (Tarshis, Azevedo and Hightower) Oct 
17, 18, 19, 20, 21, 1949 (Tarshis, Azevedo and 
californica, Sept. 20, 1948; Nov. 24, 1948; Dee. 
13, 1948; Sept. 16, 22, 23, 28, 1949; Oct. 


PROM NORTH 


Chiles Raneh (Napa Ca 148 


1940 
(Contra Costa 1950 
San Pablo Dam (Contra Cesta Ce 1940 
Berkelev (Alameda Co. 1940 
San Francisco (San Francisee Ca. 1040 
Watsonville (Santa Cruz Co. 
Bitterwater (San Benito Ce G48 
1949 
1952 
Hunter Liggett 1951 
Shandon (San Luis Obispo Co 1950 
1951 
1952 
Cedar Canvon (Kern 
Totals 


the data the distribution this area have not 
been considered conclusive the size the 
trapping indicates they should be, 
number quail trapped was such small per- 
centage the tremendous number quail 
found the area. 

Many more tray ppings will have made 
throughout the state before known 
definitely the indicated division 
species exists not. 


Vew Collection Data Quail 
California 


californica californica, Aug. 23, 25, 27. 
1948 (Calif. Dept. Fish and Game); Sept. 21, 22, 
1948 (Tarshis, Herman and Selleck); Sept. 
1948 (Calif. Dept. Fish and Game); Aug. 27, 28, 
29, 30, 1949 (Tarshis and Tarshis); Sept. 27, 
29, 1949 (Tarshis and MacGregor); Aug. 
10, 11, 12, 13, 1952 (Tarshis, Furman, 
Rohrbacker and Berg). Chiles Ranch, Chiles 


247 

2 un 

y rT) 

200 
550 
165 30 ve 
1 2 
142 282 
227 
3313 tole 


14, 15, 16, 17, 18, 19, 20, 21, 26, 30, 1949; Dec. 
31, Jan. 1950 (Calif. Dept. Fish and 


Game); Sept. 17, 18, 19, 20, 21, 22, 1951 (Tarshis 


Rudnick). Ranch, about miles 


and Tarshis); Aug. 97, 28, 29, 30, 31, 1952 
1952 (Tarshis and 

County, californica californica, Aug. 
1948 (Calif. Dept. Fish and 
Sept. 21, 22, 1948 (Tarshis, Herman and 
Sept. 27; Nov. 24, 1948 (Calif. Dept. Fish and 
Game); Aug. 27, 28, 29, 30, 1949 and 
Tarshis); Sept. 27, 28, 29, 1949 (Tarshis and 
and Game); Aug. 10, 11, 12, 13, 1952 


( 
. 

%; 


Dan Area 


Watsonville, 
Tarshis and Hightow Cedar Canvon. 


californica, Sept. trapping area) get 

and Tarshis); Sept. 1952 (Ta and populations 
Lafavette, Contra Costa with the velopment 


Hunter Liggett Reserva greatest number flies are found, 
Jolon, Monterey County, broods quail are fairly well grow 
californica, Sept. 20; Dee. 1949; Sept. 16, the last broods have reached about weeks 


23; Oct. 11, 13, 18, 19, 22, 23; Nov. 12, 
19; 1949 Dept. Fish and Game); Sept 


) Nenever time permitted the wt 1 

aken from ¢ wat 3 plete records on the number. species and sexes o 


4 Te). 4 hiles Valle v4 hiles Ranch, Napa ¢ ounty, a complete TICE Of thes Luring the first 
June Oct. 30; Nov. generally found any time Shandor 
: | 
~ 
ae 


were kept 1665 trapped quail from which 861 
and 506 hirsuta were taken. 
Only the birds harbored both species 
the same time. The data concerning the 
number flies taken from these trapped quail 
will found Table 

The majority the trapped quail were found 
harbor only one fly each. The next most 
common occurrence was the harboring each 
quail two flies the same species. Few birds 
harbored more than total four flies each, 
though rare occasions quail was found with five 
eight flies. bird was ever found harboring 
more than eight flies. Quail under four weeks 
age were found harbor virtually flies. 


Sex Ratio Quail Hippoboscidae 


trapped quail 667 were males per cent) 
and 823 were females (45.02 per cent); the sex 
impressa adults (18.49 per cent) was 
not determined. total 1016 hirsute 
taken from trapped quail 245 were males (24.11 
per and 341 were females (33.56 per cent); 
the sex adults (42.32 per cent) 
was not 

tory were males (51.01 per and 751 were 
females (48.99 per cent). From total 198 
hirsuta adults reared the laboratory were 
per and were females 
(51.30 per cent). 


Search for Stilbometopa impressa 
the Field 

Though the author sought puparia 
the field were ever found. The majority 
the searches were the shaded, 
densely shrubbed areas which the quail 
spent the major portion each day during the 
mid-summer and early fall months. The author 
found that the hours for the majority deposi- 
tions were coincident with the quail loafing hours, 
and that the flies left the quail deposit their 
the majority prepuparia must deposited 
very near the loafing areas. However, when- 
ever traps were being set trapped quail were 
being search was made for prepuparia 
the trapping areas. 

Each time that search loafing area was 
conducted the ground under the shrubbery was 
thoroughly raked and the loose sifted 
through specially No. mesh, 
screen eloth sifter sure that prepuparia 
puparia had escaped detection the 
raking. None was ever found, diligent though 
the searches were, which leads one wonder 
just where how they well con- 
cealed. The possibilities that they 
affixed shrubbery buried the ground seem 
very remote prepuparia never 
bore any trace adhesive residue and the 


TABLE 


1665 Quail trapped each bird each time 
was trapped 

746 Quail harbored thes Gneludes each bird each time 
was trapped 

612 Quail harboring were taken traps one time 
and quail were taken twice (data thes 


243 Quatl harbored 1 tiv each 
$ 


ts 
= 


07 Se@aen 
1 
1 
- 
- 


120 Quarl harbored 1 tly each 


2 thes each 
| thes each 
1 

1 S thes: 


harbored beth Presse atid 
28 Quail harbored I tiv of each Species 
Us Quail harbored $ flies each 


ib Qual harbored 4 thes cach 


1 3 S.impressa 21. 


4 Qual harbored 6 thes each 


! Quail S thes 


Quail harboring flies were taken traps twiee 
flies taken on second trapping only) 
$3 Quail harbored 1 fly each 


12 2 flies each 
2 3 flies each 
1 rod 7 { flies 


3 Quail harbored 1 fiv each 
| 2 flies 


Quail harbored and hirsuta each 


ate 
: 
aig 
€ ue 
| 
> 


deeper the raked areas was Though impressa and onte 
that time vear that seems author and co-workers in: 
unlikely the could have dug deeply and even became 
were never actively sought the 
and Running Pattern 

several the writer was The writer found that both impressa and 

observe escaping from quail while the hirsuta when from quail survived for 


were not observed leaving the birds during period does not 


this operation. starvation, but rather the 
Both thes were observed sinee large quantitie 
Ferris (after Bequaert, 1955), 

quail when the birds’ feathers were ruffled found the diverticula and guts many the 
volition were forced off, flight pat- impressa alive the laboratory for 
than few time, always darted davs was the more usual life span 


remained motionless for sometime. have been kept alive for days 
would more often run than escape capture. All were 
they ran quickly over and under the feathers where these ectoparasites 
distinctive zig-zag This off the host and have 
sometimes most difficult capture them the were kept alive 
quail, and for this reason the quail’s feathers quail for periods ranging from 162 and 


ac 
erature. This 
et pear to be due 
= 
| 
1 
| 
| 
] 
{ | 
i} | 
i 
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Mating Quail Hippoboscidae 


impressa have never been observed 
however, experimental evidence 


cates that once females are fertilized thes are 


fertile for life. experiment 


emerged female and newly-emerged 


impressa were placed together quail for three 
days. the third day the male fly was removed 
and six days later the female fly deposited her 
prepuparium; she deposited 
prepuparium every six days. This experime 
was repeated number times. 


Bigot) showing unique attaehment prepuparium just 
prior to being deposited. 5 


Lynchia hirsuta was observed copula 
times. When gravid hirsuta were flushed from 
quail, male flies were often found clinging the 
dorsal surfaces the females. Whenever the 
sexes were taken together the female was always 
about deposit The male 
clung the female securing its second pair 
legs around her waist and its third pair legs 
around her The female’s wings were 
widely separated that, despite the 
attachment, she was able fly from the bird 


the place where she wished to deposit her pre- . 


puparium. deposition the prepuparium 
copulation occurred, then the female flew with 
the male another bird. 


The time required for each stage gestation 
not known, but the total time was 
found about when the temperature 
averaged above 48° The 
davs when the temperature averaged 
below 48° The gestation was deter- 
mined the time lapses 

days were obtained innumerable times 
vidual female When groups 
females were placed together cage the 
prepuparial data also showed 


tween when the tem peratures 
aged above 48° Some these 
findings are shown Table 

The thes whose were were 
all kept average monthly 
ranged from 48.0° except January 
which averaged 48.0° Janua 
puparial depositions sever 
intervals. 

The gestation pertod for has 
determined, but from the few observations the 
author was able make appears about 

either species generally deposits 


Three distinet stages the deposition 
first stages while the fly was 
the and the third stage 
the fly had left the bird. The flies left 
most often made their depositions the shaded 
dark tray the quail cage. 

Stage During this first fifteen minute stage 
deposition one third the prepuparium, 

eluding the prominent 
ejected the female The 
when first ejected has fairly hard integument 
and shiny and vellow except for the 
light amber color. 

Stage When the has changed 
the light amber color the fly 
mately another third (or more) the 
during Stage The appearance 
puparium this stage, protruding out the 


¢ 


vaginal reminds one the 


. 
Pag 
4 
‘ 
= 


COCKTOACNHES 


The 


about for quite long time without dropping 


amber to a true an . Stage last 
about minute 

Slave Cdr eolor of the pore 
bird and thes toe the stte where she will deposit 


same color this ten 
After the ropped 


ninwte stage 


ebony reach 


become completely 


VETS lected No 
iTh prepupat 
were ever seen attached to the females or being 


6-28-49 
lt to 9, 10-149, 1067-49, 10-13-49 
12-29-49. 1—4-50, 1-10-50. 1-16-50, 1-23-50 
day 1-30-40 (7 d 
sto” 9-20-52, 10-26-52. 10-2-52 
Band 
da 
won te 


Table was average for deposited 


very cold day Ss. howe Cr, the eoler ‘ hanges took 


i or 5 


Wait 
the color changes 
hours. 

Under abnormal 


prepuparta 


e do Gepost 

flies that 
disturbed hours prior the time for 
deposition will deposit 
that are creamy white with hard integu- 
ments. prepuparia will continue change 
color and develop inte normal eventuall 
producing normal adult the gravid 
ready deposit the she will abort 


nstantanecously. female 


or SO TE 


The complete color and pattern change for thi 
prepuparium took tive hours, whicl 
average for the prepupar this species during 
Berkeley, Vartatio ati me requ OY 
development of these cha wes at extreme Ww 


if 


deposited In 13S recorded Opservations Fable 
been found quite and have ad- 
tn length, 4.4 te 3.1 mn ] 
and about 3.5 mm. thickness 
. 
TABLE 
: { 
POAT 
ae 
found adhering the walis the rearing vials 
when, for various ‘reasons, gravid females 
placed the series color changes 
and patterns that the 
undergoes after leaves the uterus the femal 
+ . 
: 


and low temperatures were not observed, but 
probable that the transition affected 
temperature the same manner prepuparia 
depositing prepuparia prematurely, and 

all prepuparia this species deve loped 
narmally puparia. 

The author observed that the majority pre- 
puparial depositions occurred 
between and m., with the greatest 
number occurring between 
When the weather was exceptionally cold, small 
number depositions after and 
when the weather was exceptionally warm small 
percentage took place before 


TABLE 
COLOR CHANGES PREPUPARIUM AFTER 


FEMALE Stilbometopa impressa 


TIME AFTER 
DEPOSITION 
(HRS 


HOUR ot 


OBSERVATION 


Amber 

Deep Amber 

Reddish-Orange 

Dark 

Dark Amber 

Very Dark Amber 

Deep 

Edges eommencing to ture: 
blaek, center remaining 
deep reddish brown 

Reddish Blac k 

Darker 

Reddisheolor disappearing 

Becoming dark, but 
still has reddish tinge 

Deeper blac k, reddish col 
almost gone 

Black, except for ene or 
two reddish-black spots 

Deep 


10:30 


11:30 


Data hirsuta are net complete those 


Pupal Development Temperatures 


During the early experimental rearing 
Hippoboscidae the writer attempted incubate 
puparia both impressa and hirsuta 
95.9° F., the temperature (1930) reported 
relative humidity approximately percent. 
After days adults had emerged. The 
puparia were opened between the and the 
93rd days, and were found completely 
desiccated. Another group puparia 
impressa were placed incubator set 95.9° 
but with relative humidity about 


Entomological Society 


and 


puparia were opened and were 
pletely 

showed that normal adult could obtained 
from puparia incubated with relative 
tions vielded adult flies davs. The 
and the greatest number davs. 
same temperature and 
adults emerged davs and the greatest 
days. 


Conok AND TIME OBSERVATIONS ON PREPUPARIA 


Ubometo pa sm pres sa 


Comers 
Dark 


Red 
Amber 


White 


AM 
Noon 

1:00 
3:00 


Total 


with the greatest number emergences occurring 
days. 

with the majority emerging and days. 

Adults emerged 106 days from 
hirsuta emerged adults 195 when 
temperature. 

and hirsuta were exposed outdoor tempera- 
tures were conducted Berkeley during 
and 1949. monthly 
mum temperatures for 
and 1949 were follows: 


1:45 
2:15 
9:30 P.M 
‘ Sth 3 


adults emerged after period 120 
days, six were taken from this group and 
they were viable. davs 
two adult emerged and adult 
emerged two days later. After the 
another was taken from the group and 
davs later normal fly emerged. 


SUMMARYS 


‘ 


” 


formed flies, which shows that puparta from 
paratively low find puparta field met wit 
puparia kept outdoors with the 
impressa puparia vielded adult flies 
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